DOE/EIA-0064{93)
Distribution Category UC-850

Coal Data: A Reference

February 1995

Energy Information Administration
O¥fica of Coal, Nucisar, Elaciric and Aliemaie Fuels
U.S. Deparimant of Energy
Washington, DC 20585

MASTER

This report was prepasad by the Energy Méormation Administration, tiw ndependant statistical and
anadylical agancy within the Depariment of Energy. The indormation comtamed herein should et be
consbued 23 advocating or reflecting any policy pesiion of the Depariment of Energy or of any other
orgranization. .
UHLIMITER
DISTRIBUTION OF TH!S DoCUMENT 13 L“}




Contacts

This report was prepared in the Supply Analysis
Branch, Analysis and Systems Division, Office of Coal,
MNuclear, Electric and Altemate Fuels. General
infermaticn regarding this publication may be cbiaine
from John Geidl, Plrector, Office of Coal, Nuclear,
Electric and Alternate Fuels (202/254-5570% Robert M.

Schnapp, Director, Analysis and Systems Division
(202/254-5392); Betsy (¥Brien, Chief, Supply Analysis
Brarch; or B. D Hong (202/254-5365). Specific ques-
tions should be addressed to Eugene R. Slatick, (202-
Z54-5384). Questions on current coal and other energy
statistics should be directed to NEIC (202/586-8800).

Encrgy information Administeationf Conl Datar A Aefarance




DISCLAIMER

This report was preparad as an account of work sponsored
by an agency of the United States Governmeant. Neither
the Unitad States Government nor any agency thereof, nor
any of their employses, make any warranty, express or
implled, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information. apparatus, product, of process discicsed, or
represants that its use wouid nat infringe privately ownad
rights. Reference herein te¢ any specific commercial
product, process, or service by trade name, trademark,
menufacturer, or otherwise does not necessarily constitute
or lmply its endorsament, recommendation, or favoring by
the United Statgs Governmant or any agency theraof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United Stotes

Government ar any agency theraof.

B R i I e T Tl o0 " e IR e A R T o L F T .



DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original

document,

—— —




Preface

Section 205{a)(2) of the Department of Energy Qrganiza-
tHon Act of 1377 (Public Law 9591) requires the
Administrator of the Energy Information Adminis-
tration (EiA) to carry out a central, comprehensive, and
unified energy data and irformation that will
eollect, evaluake, assemble, analyze, and disseminate
daka and information relevant fo energy resources,
reserves, and related economic and statistical informa-
Hon.

The legislation that created ELA vested ihe organization
with an element of statutory independence. EIA does
not taks posidons on policy questions. ElA’s respon-
gibility iz to provide timely, high-quality information
and to perform objective, credible analyses.

As part of EIA's program to provide information on
coal, this report, Coal Dala: A Reference, summarizes
basic information on the mining and use of coal, an
impaorkant source of energy i the United States. This
raport is written for a general audience. The goal is to
cover basic material and strike a reasonable compro-
mise between generalized statements and
detailed analyses. The sechon “Supplemental Figures
and Tables” contains statisties, graphs, maps, and other
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ilustrations that show trends, patterns, geographic
locations, and similar coal-related information. The
section “Coal Terminology and Related Information”
provides additionzl inforenation about terms mentioned
in the text and introduces some new terms.

The lagt edition of Coal Daia: A Reference wag published
in 1991. The present edition containg updated data as
well as expanded reviews and additional nformation.
Added o the text are discussions of coal quality, coal
prices, unions, and strikes. The ap ix has been
expanded to provide statistics on 2 variety of additional
topics, such as: trends in coal production and royalties
from Bederal and Indian coal leases, hours worleed and
earnings for coal mine employment, raiiroad coal ship-
ments and revenues, waterborne coal traffic, coal export
loading terminals, utility coal combustion byproducts,
and trace elements in coal.

The information in this report has baen gleaned mainly
from the sources in the bibliography. The reader
inferasted in poing beyond the scope of this report
should consult these sources. The statistics are largely
from reports published by the Erergy Information
Admindistration.
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A Brief History of U.S. Coal

Coal was reportedly used by the Indians of he South-
west long before the eady explorers arrived in America.
The first recard of coal in what is now the United
States is a map prepared in 1673-74 by Louis Joliet, It
shows “charbon de fterva” along the Diinais River in
northem llincis. About a quarter of a century later, in
1701, coal was discovered near Richunond, Virginia. A
map drawn in 1736 shows the location of several “cole
mines” along Ehe upper Potomac River, near what i»
now the border of Maryland and West Virginia. Before
the end of the 1750's coal was reported in Pennsylva-
nia, Ohio, Kentucky, and West Virginia. Pennsylvania’s
antheaclie deposits were found about 1762,

Blacksmithe in colonial days used small amounts of
“fosstl coal” or “stone coal™ ko supplement the diarcoal
normally bumed in their forges, Farmers dug coal from
beds expased at the swface and sold it by the bushel.
Although most of the coal for the larger cities along the
eastern seaborrd was imported from England and Nova
Scotia, some came fram Yirginda. The first comprercial
U.S. coul producton began near Richmond, Virginia, in
1748, more than a century before the beginning of the
domestic oil industry. By the late 1500's, coal was being
produced in most of the States.

Coal became the principal fuel used by locomotives, As
the railroads branched into the coalfields, they became
2 vital ink between mines and markets. Coal also
found growing markets as fuel for households and
steamboats. Another use of coal was to produce illumi-
nating cil and gas. In 1816, Balbimore, Maryland,
became the first city to light strects with gas made from
coal. With the beginning of the U.S. coke industry in

the Jatter half of the 18005, coke soon replaced chareoal
as the chief fuel for iron blast furnaces. Briquetting of
coal was infroduced in Bhe United States about 1870.
Coal-fired steam genemators began to produce electricity
in the 1880%s. The first practical coal-fired electric
generating station, developed by Thomas Edison, went
into operafion in New York City in 1882 to supply
electricity for household lights.

In the garliest mines, coal was quarried from beds that
were exposed at the surface. To get more coal, the
mmhndmhﬂuwﬂxemalbedmd&rgmmudkfom
coal-cutting machines became available in the late
1880's, coal was mined und by hend.
Mechanical coal-loading equipment introduced in the
early 1920's replaced hand loading and increased
procuctivity. Mules and, to a lesser degree, horzes and
onent were used o haul coal and refuse in arwd around
the early mines; a few dogs were uzed in sinall minea
working thin coallbeds, In tine, the andmals were
replaced by eléctric locomotives, dubbed “electric
mules,” and other haulage equipment,

Strip mining began in 5866 near Danville, Olinois, when
horze-drawn plows and scrapers were uged to remove
overburden so the coal could be dug and hauled away
in wheetharrows and carts. In 1877, a steam-powered
ghovel excavated some 10 feet of ovesburden from a 3-
foot-thick coalbed near Pittsburg, Kansas. In 1885, a
converted wouoden dredge with a 50-foot boom was
used ta uncover a coalbed under 35 fest of overburden,
I 1910, surface mining was underway with stean
showvels specifically designed for coal mining.
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United States Coal: An Overview

Infroduction

Tie history of America’s progress is inextricably linked
to the use of coal from its shundant coal resources. ko
the early 13003, nal was so widely used that it reigned
as the Nation’s principal source of energy. Coal fueled
industries, powered locomotives, and heated homes.
The coal industry provided jobs for workers numbering
in the hundrads of thousands and was the foundation
of the economy in many areas.

Later, the NMation's uge of coal slumped because of
competition from other energy sources, chiefly ofl and
natural gas, which are cleaner and easier to use. The
coal indusiry lest the railreads as consumers of coal,
nearly all of the hame heabng markat, and many of the
smaller indusiries. Some pradictions made affer World
War II saw the development of atomic power as
leading fo the demise of the coal induskry. However,
history has shown that coal has weathered competition
from, other energy sources, although the cosl mining
workforce has decreased dramatically becanse of exten-
sive machanization of ming operations.

The traumatic Arab oil embarge of the early 1970s
underscored the MNation's precarious dependance on
foreign oil and renewed interest in the vast, widely dis-
tributed domestic coal deposits. Clean air lepislation,
ushered in around the same time, shifted coal develop-
ment to the large, ensily mined deposits of low-sulfur
coal i the West. Since then, the markat for coal has
improved almost steadily, and the production and use
of coal have reached unprecedented levels. Today, how-
ever, coal is used mastly to generate eleckricity and
accounts for about half of the slactricity generated
annually. Se, through its role in generating electricity,
coal has indirectly recaptured part of the market it lost
years ago.

The coal industry has become the Netiog's largest
energy-producing industry, representing nearly one-
third of LI.S. energy production. Ceal alse acceamts for
almost one-fourth of total energy consumed and is the
only energy source for which exports are greater than

imports. The coal i is the Nation's leading min-
ing industry, based on value of production. OF all
mineral commodities mined, the quantity of coal cur-
rently produced ranks second only to that of crushed
stone.

The Importance of the coal industry io the U.S. econo-
my is fllustrated by a study made at Pernsylvanda State
[Iniversity in 1994 for the Naticnal Coal Association.
Analyzing the coal invdusiry's economic effects in 1992,
the study found that, while the direct contribution of
coal production that year was valued at $21 billion, the
industry’s total contribution to the economy was $132
billion through its impact on other business sectors.
Similarly, the coal industry's workforce of about 136,000
persons, including nen-preduction  employees, was
indirectly respensibie for another 1.4 million jobs.

I 1593, the Nation consumed more than 2 million
tons' of coal per day—about 20 pounds for each
person every day. To produce the 1993 coal output,
valued at abouk $19 billion, more than 100,000 miners
worked in some 2,500 mines. Although the coal pro-
duced was largely for domestic use, a significant
amoant was shipped to other countries. These coal
exports, averaging more than $4 billion in value in
recent years, help the Nation's balance of trade. The
Natlon has always had a trade swrplus in coal
Internationally, the United States is prominent as both
a producer and exporter of coal.

The magnitude of annual U.5. coal output—currently
about 1 billiom tons—is difficult to grasp unless it is
placed in some familiar perspective. One ton of broken
coal occupies abonat 40 cuivie feet, 8o the 1993 coal
output wounld cover 1 square mile to a height of more
than one-fourth of a mile. In ather =rms, the rate of
coal producton in 1993 averaged arcund 30 tons per
second, enough to 611 a railroad car every 3 seconds.

About 58 billion tons of coal have been produced in the
Tnited Stakes since the first commercial mine was
opened more than 200 years ago. Even go, US. coal
deposits stll contain more than 200 billion tons of
minable coal, a reserve of snergy that contributes to the

i this repart, “tong™ refers o short tons 1 shoet fon = 2,000 pounds),
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Waton's security. Furthermore, the coal deposits in
some States have also become slgnificant sources of
coalbed methane. Once considered ordy 2s a danger to
miners, roalbed methane is now being produced and
added to the supply of natural gas.

Coal Data: A Reference provides an overview of the
many facats of coal mentiened in this section. It spans
a range of fopics, covering coal deposits, reserves,
mining, employment, transportation, use, and enviren-
mental issues, [fs principal aim i¢ to summarize basic
trends, highlighting factors that have influenced the use
of coal and, therefors, controlled the rate of coal
production. Also nwloded is a review of new tech-
nologies being developed o increagse the usefulness of
coal as a natural resource, making it both & cleaner-
burning firel and a seurce of chemndeals.

The Nature of Coal

Coal, sometimes called “MNature's Black Diamond,” is a
black or brownish-black, combustible, sedimentary
organic rock that confains mere than 50 percent
catbonaceous material by weight. In popular usage,
coal is often called a mineral because it was formed in
the earth. However, the scientific use of the term
“mingzal” is reserved for a natually cecurning mor-
ganic material that has a definite chemdcal coanposition
aril & regular intemal structure, Coal is of organic
orign amd has neither of these.

Compared with other rocks, coal is relatively Light, a
solid piece weighing about 80 pounds per cubic foot,
less than half the weight of granite, limestone, or most
other rocks. Coal s also a relatively soft rock, more
easily excavated than most other mined material.

Coal is called a fossil fuel becamse It is derived from
plants that grew in vast swamps millions of years ago
and were later buried by sediments when the land
subsided. Geological atvd chemical procmesses invelving
high pressures and temperatures, working over vast
periceds of time, compressed and altered the plant
remains, nereasing thwe percentage of carbon present,
and thus producing the different ranks, or varieties, of
coal: lignite, subbitmninous, bituminous, and antheacite.
Of the various coal ranks i the United Staies,
biturninous coal is the most abundant and widespread.
The waker-satuzated plant debris called peat is not
considered a rank of coal, aithough it is the first stage
in the alteration of plants to coal. With increasing rank,
or degree of coalification, coal becomes harder and
brighter, and its heat value rises. Cozl rank is
comntonly determined by a combination of heat value

and ¢hemical analysis of ovganic matter. The rank of
coal can al:o be determined by measuring the intensity
of light reflected from its vitrinite, one of the macerals
in coal. Macerals are the combustible organic portions
derived from plant substances and comprise three
micrascopic groups: vitrinite, exinite (or liptinite), and
inertinite. The reflectivity of vitrinita increases with coal

rank. Macerals are also helpful in identifying and

correlating different coals and in predicting the coking
properties of coal and coal blends.

Fossl plant malerdal & rovealed In this photondorograph of
subbituminous coal frorn Wyoming's Powder River Basin. As
an indication of magnificalion, the longar side of the phoic
rapreserds 0.25 milimsiers.

Coal corurs in beds, sometimes called “seams™ or
“yeins,” that are interlayed between beds of sandstone,
shale, and limestone. The thin layers of shale
(“partings”) sometimes found in A coalbed are mineral
sediments that setiled from muddy flood waters while
the vegetable mafter was acoumulating. Coalbeds range
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in thickness from less than an inch to more than 100
feet. According to some estimates, an accumulation of
3 o 10 feet of compacted material was needed far each
foot of bituminous coal Based on estimates that
hunddreds of years were needed to build up enough
plant material to make a foot of bibuminous coal, thick
coalbeds represent accumulations of plant material
spanning many thousands of years. Although generally
flat lying, coalbeds are sometimes inclined, folded, or
faulted as a result of geologic forces.

Coal is a complex materlal, Its chemical structure still
not completely understood. It is composed chiefly of
carbom, hydrogen, and oxygen, with smaller amounts of
sulivr amdd nifrogen and variable guantifies of frace
elements ranging from ahuninum to zirconium. All but
16 of the 52 naturally ccourring elements have been
detected in coal, mostly as trace elements below 0.1
percent (1000 parts per million, or ppm). Coals of the
same rank may appear similar, but their compositions
can vary widely, not only from deposit to deposit but
alko within the same coalbed, because of differences in
the environment of the coal swamps and the nature of
the original plant debris. The elementz fourkd in roal
were Introduced into the coalbed in one or more
different ways: as material washed into the coal
swamp, as a biochemical precipitate {rom the swamp
water, as A minor constitvent of the original plants, or
as a later addition, after the coal was formed, primarily

by ground water.

Fousil Edebris gives coal its most obvlows and most
useful characteristic, namely, that it can be buaned. The
heat epergy of coal ranges from an average of 13
million British thermal units {Btu) per tn for Hgnite to
about 30 million B per ton for scme bituminous coals
(Bigure 1). Most of the heat produced from coal is
gererated from catbon, by far its major component,
with the amount present kypically more than #)
percent, Although hydrogen generates shout four timas
more heat per pound than carbon, it accounts for a
small part of coal (generally less than 5 percent) and
not all of this element is available for heat During
combustion, part of it combines with oxygen to fonm
water vapor. The higher the axygen content of coal, the
lower its heating value. This inverse relationship ocours
because the oxygen in the coal is bound to the carbon
and has, therefore, already partially oxidized the car-
bon, decreasing its ability to generate heat The amount
of heat from the combustion of sulfur in coal i very
small, Because coal has a high ratioc of carbon to
hydrogen, the buming of coal releases more carben
dioxide per unit of heat than does the burning of oil or
natural gas.

Figure 1. Approximate Heat Content of Differant
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1oy R rank, sxcapd for anthraweie,

Although the gquantity of enal produred and consumed
is commonly measured in tons, the heating value of a
ton of coal varies considerably, reflecting differences by
rank as well as variations within rank due to the kinds
of plant material from which the coal was formed. For
matance, the heating value of bituminous coal delivered
to electric utilities in 1993 averaged 24 million Btu per
ton, but the range was from 20 million to 27 méillion Ben
per ton. Similarly, the heating value for subbitorminous
coal averaged 18 million Bru per kon. but it ranged
from 16 mdllinn to 19 million B per ton Ligndte’s
average heating value of 13 millien Bia per ton was
based on & range of 12 million to 14 millien Btu per
ton. Anthracite production averaged about 23 million
Btu per ton. Using these averages, 1.3 tons of subbi-
tuminons coal, 1.8 tens of lignite, or a litHe more than
1 ton of anthracite would be needed to produce the
amotnat of heat in 1 ton of bituminous coal. For this
reazon, coal purchases are often priced in terms of
“dollars per million Btw” in addition to “dollars per
m.ﬂ'
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Because the armual “mix” in the ranks of coal com-
prising total coal production includes growing shares of
low rank coals, which generate relatively less heat, the
average heat content of U.S. coal production is de-
clining. Currently, it is about 22 millien Btu per ton.
This is approxitately equivalent o the energy obfaied
by buming 21,000 cubic feat of natural gas, 160 gallons
of distiliate fual oil, or 1 cord of seasoned hardwood.

Among the various elements in coal, sulfur is the most
undesirable. Burning converts the sulfur in coal mostly
into sulfur dioxide, an air pollutant as well as the cause
of corrosion and deposits in beilers. Sulfur in mine
wastes inhibits the growth of vegetation and causes
stream pallution. Sulfurin coking coal used by the steel
industry lowers the quality of both the coke produced
and the regulting iron and steel products; conzequently,
coal with a low sulfur content 2 required for maling
zoke. Various laws have been enacted to limit the
amount of sulfur released to the environment. The sul-
fur content (by weight) of the coal produced for electric
power plants, the largest market, in recent years ranged
from less than 1 percent to about 4 percent, and aver-
aged 1 percent (20 pounds per ton).

Sulfur occurs in coal in three forms: (1) iron sulfides
{pyrite and marcastte), (2} secondary sulfates (gypsum
and hydrous ferrous sulfate), and {3} organic sulfur
chemically bonded to the coal-forming plant material.
Maost of the fron sulfides ceeur in the form of pyrite,
which is distributed in many ways: as lenses, bands,
fraciures, and nodutes, and as finely disseminated
pacticles. The lazger particles can be partly removed by
<onventional cleaning processes, but the fine particles
are difficale to remove undess the coal is finely crushed
and the pyrite separated by spedial reatment. Sulfate
sulfur i less easily removed; however, it is normally
present in small amounts {generally less than 0.05
percent) and usually of no great concern. Organic
sulfur predominates in low-sulfur coal. As the total
sulfur content of coal increases, the anount of organic
sulfur can rise o mere than 1 percent. Organic selfur
cannot be removed by conventional coel-cleaning
ProCesses,

High«sulfur ecoal is a product of swamps that were
covered by sea water. Bacteria in the swamp converted
the sulfate in the sea water inko pyrite that became part
of the coal. Low-sulfur coal deposits were developed
primarily under fresh-water conditicns.

Although the subbituminous coals and lignites mined
in the West confain much lowser levels of sulfur than do
typical bituminous ceals, they contain fairly high levels

of the alkali metals sodium and potassium. These
elemeants, which generally are chemically bound to the
arganic coal mafrix, affect the physical and chemical
properties of the coal ash. Beoilers using these coals are
specially designed {0 avoid serious ash-related equip-
ment malfunctions.

Minerals are the incombustible matier in coal that
becomes ash after burning. Minerals t the inor-
ganic parts of coal and include clay (the most abundant
inorganic constituent), carbonates, snlfides, and quartz
The ash comtent of coal produced for elechric power
plante in recent years ranged from about S to 19 percent
(by weight) and averaged about 10 percent (about 200
pounds per ton). Ash not only poses significant dis-
posal problems, but it can form incombustible residues
in furnaces, causing combustion problems and eresion
of boiler components. Some ash is used in land fills and
in making concrete and rinder blocks.

Methane in coal is the result of the rchemical and
physical processes involved in coal formation. The
methana is eontained within the struchure of the eoal
and in fractures in the coalbed. Higher rank coals such
ag bituminous coal generally contain more methane
than low ranks sweh as Lignite. Because coal formed
undler high pressure is apt to contain more methans
than otherwise, the methane content of coalbedz
increases with depth.

UJ.S. Coal Deposits

The United States contains some of the world's largest
coal deposits. Coal is present in 38 Seates and underlies
a fotal of 458 600 square miles or 13 percent of the land
area of the United States {Figure 2). The 1.5, Geological
Survey has identified more than 400 fields and small
deposits of coal in the United States. They were formed
during periods of Earth's higtory when the face and
climagte of what i now North America were markedly
different than they are today. The coal deposits in the
Eagt date back mainly to the Pennsylvanian period of
the Earth's genlogic history, approxdmately 306 million
years ago, long bafore the age of dinosaurs. 8y contrast,
most of the coal in the Waest is geolegically younger,
formed less than 140 million years ago i the Cre-
taceous period, when dinosaurs were alive, and in the
subsequant Tertiary period, when they became extinct.

Coal in the East generally occurs in beds that tend to be
less than 15 feet thick. Geological conditions it the East
prevented the coal-forming material fremn bullding up;
instead, they led to the formation of umercus coalbeds

& Enargy indormation Adminlctration’ Coal Data: A Fefarencs




Figure 2. U.S, Coal Dopasits
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located batween other shrata in repetifive sequences. By
somparizon, thicker coalbeds are common in the West,
particularly in Wyaming, where geological conditions
enzbled large amounts of vegetation to accumulate.
Although about 200 coalbeds were mimed across the
United States in 1993, nearly half of the coal produced
was from only 10 beds (Table 1). The a e thiclness
af all coalbeds mined ranged widely, from less than 2
feet to about 65 feet (Figure 3}. Individual coalbeds
commonly cover lar phic areas. For instance,
the heavily mined Pittsburgh coalbed underlies parts of
Pennsylvania, West Virginia, Ohio, and Maryland; the

Erwrgy Wiormation Administration’ Coal Data: A Reference

Wryodak coalbed, Ehe MNution's leading seurce of coal, is
eshimated bt cover at least 10,000 square miles in Bhe
Powder River Bazin of Wyoming and Montana,
according to the Wyoming State Geological Survey.

The most important coal deposits in the East are in the
Appalachian Region, an area encompassing more than
72000 square miles and parts of nine States. The region
contains the Nations principal deposits of anthracite (in
northeastern Permsylvanda) and large deposits of low-
and medinm-volatile bilmeinous coal. Historically, the
Appalachizn Region has been the major source of ULS.
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Table 1. 0.5, Coal Production from the 10
Leading Coalbeds, 1953
{Millin Shert Tong)

Stats with
Largast
Pradection by
Caalbed Hame® Production Conlbod
Wyodak . ........... ... 1857 wy
Fitshumgh . .. ... .......... 3.4 Wy
[ o aiB K
Hazard Nm S-A +oevevinnn. a4 KY{E)
Mo .. imeeiiiarrnnmnns a7 IL
Baulsh-Zap .............. 277 ND
HazardMNo. 4. ............. 245 KY{E)
LiarKitlennlog . ... ... ..., 200 wv
LowarBHom . ........... 10.0 KY{E)
Bosabed . ... ... ......... 168.2 KT
Total -.ovnnririncmnens 442 .0 -
Patcantags of .S Tobd . ... 46.8 -
*Mama most pommonty uzed.
- = ot applicahle.

Hote: Total dosa not oqual sum of compononts becauss of
intlaparsiant rounding.

Source: Enargy Information Administimalicn, Coal lnciesiny Anncel
1223, DOEBEIA-08 3499} (Washington, DC, Decambar 1854).

coal, accoimmting for about three-fourths of the total
annual production as recently as 1970. Although the
region's output currently is less tham half of the
national total becange of mereased coal productien in
the West, it continuez to be the principal source of
bituminous ¢oal fncluding coking coal) and anthracite.
The maunber of coalbeds mined in the Appalachian
Region reaches more than 60 in West Virginia, with the
bed thickness generally ranging from 3 to 8 feet. [n the
nwrthern part of the region is the coalbed, an
impertant source of coal during the development of the
US. iron and steel ndustry. For many years the Pite-
burgh coalbed was the leading source of coal, but it
now rianks second to the Wyodak coalbed in Wyoming.
The intensely folded ard faulted anthwacite felds of
northeastern Pernsylvania once supplied a ifarge
amount of coal for domestic heating, a major part of it
from a geries of beds comprishg the Mammath ceal
zone. Two mmportant sources of bituminous coal in the
southern part of the Appalachian Region are Alabama’s
Blue Creek and Mary Lee coalbeds.

In contrast with the concentration of coal in Appalachia,
the coal deposits in the interior region of the United
States occur in several separate basing iocated from
Michigan to Texas. The northem part of the region
comitains bage deposits of high-volatile bituminous coal,

but their generally high percentage of sulfur and ash
hampers their use as a fuel and for coke production.
The major sources of bituminous coal are two coalbeds
commamly known 25 Ne. 6 and No. 9, but also known
Iocally by other names. These beds, which average
ebout 6 feet in thickness, account for a large share of
the voal produced in Ilinods, Indiana, and western
Kentucky. A small area of antheacite is present in
Adkansas. In fhe Gulf Coastal Plain in the southemn part
of the region are large deposits of lignite that have been
used for electricity generation in Texas since the 1970s
and in Louisiana since the 1980°s. The most important
ligmite beds are in a succession of strata known as the
Wilcox Group and are generally 3 to 10 feet thick.

The westem part of the United States has a raunber of
coal basins that contain all ranks of coal. The largest
lignite deposit is in the northem Great Flains,
underlying parts of North Dakota, South Pakota, and
Montana; most of the lignite produced is from the
Beulah-Zap bed in North Crakota, In the nearby Powder
River Basin of northeastern Wyoming and southeastern
Montana is the Nation's major source of low-sulfur
subbituminous coal, used primarily for electricity
generation. The basin has been the fastest growing coal-
producing area in the past two decades amd today
accounts for about half of the coal mined in the West.
The Powder River Basin contains the Wyodak coalbed,
which is the leading source of U.5. coal preduction and
one of the thickest coalbeds, averaging 70 feef and
exceeding 100 feet in places. The principal deposits of
biluminous coal mined in the West are in Utah, Colo-
rado, and Arzona. Alaska has deposits of all coul
ranks, but currently the only production is subbitun-
nious coal from the Nenana field, north of Anchorage.

Resources and Reservas

Coal is by far the Nation’s most abundant fossil fuel,
with the total resources of both identified and undis-
covered coal estimated at mearly 4 tllion tons. The
guantity of coal considered kechnically arwd commer-
clally minable constitutes a denonstrated reserve base
cuyrently estimated at more than 400 billion short foms.
About half of the tonnage is bituminous coal (Figure 4),
concenirated in Appalachia and the Interior Region;
around 38 percent is subbituminous coal in the West,
about 9 percent is Egnite, located mostly In the West
and the Interior Region; and 1 percent is Pennsylvania
anthracite, Underground mining is required for about
two-thirds of the reserve base; the rest can be surfore
wined. The largest reserves of low-sulivr coal are in
the West. By contrast, the coal reserves with the highest
heat content are moskly in the East.
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Figure 3. Average Thickness of U.5. Coalbeds Mined, by Sinte, in 1993

{Weighted Averags in Feet)
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The amount of coal that can actually be recovered from
the rezerve base varies from area to arez and mnges
from 40 percent at some undergroond mines to more
than 90 percent at some surface mines. The recovery
rate is lower for undergrourud mining because somne
coal must be left untouched fo form mpporting pillars
ko prevent the mine from collapeing and the surface
from subsiding. At both and surface
mines, geologic features such as folded, faulted, amd
nterla rock strata can reduce the amount of coal
that can be recovered. In some areas, coal deposik
underlie towns and cities and consequently may not be
mined. Other factors that Bmit mining indude environ-
mental and legal restrictions, economic conatraints, lack
of suitable technology for using low-quality coal, and

the fact that many of the highest quality and moest
accessible coal deposits have already been mined.

Nevertheloss, for the Nation as a whala, at least half of

the reserve base—about 255 billion tons-——is estimated
to be recoverable. 11.5. recoverable coal reserves are
estimated to be the second largeat in the world, slightly
below those in the former Soviet Union.

Baged on coal quality, as measured in pounds of sulfur
emitted per million Btu, U.S. recoverable coal reserves
irchade an estimated 100 biikion tons of low-sulfur coal
{0.60 pounds or legs of salfur per million Btu), with 87
percent of thig in the West. Medium-sulfur recoverable
coal reserves {{.61-1.67 pounds of sulfur per million
Bhi} are estimated ot 84 billion tons, of which &2
pexcent is in e West and 24 percent in Appalachia.
Highwsulfur recoverable coal reserves (more than 1.67
pounds of sulfur per million Btu) total 80 billion tons,
and ate mostly in the interior region {60 percent) and
Appalachia (28 percent).
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Figure 4, V.S, Demonstrated Resarve Base of Coal,

January 1, 1953
{Billion Short Tons)

Total= 474

100 Anthraciie (7)

Bltuminous
Cuosl

40-]
' Subbiuminods

a0+

20~

The reserve base is compriced chiafly of iwo ks of coal
bifninaws and subbiurminous.

Source: Energy Information Administration, Cosf Production
1992, DOEAIA-D118{92) (Cctober 1932).

The recoverable coal reserves reported at active mines
in 1993 totaled nearly 22 billion tons. About 15 billion
tons were at surface mines, mostly in the Western
Region. Of the 7 billion tons in underground mines,
nearly two-thirds were in Appalachia,

Ancther energy source from coal is methane, a gas
formed by the decompesition of the organic matter in
coal. Coalbed methane is recovered in some States (for
example, Alabama, New Mexico, and Wyoming) and
added to the supply of natural gas, which is compoesed
chiefly of methane. Proved reserves of coalbed methane
total 10 trilion cubic feet, located mostly in the San
Juzr Basin of Colorade and New Mexico. The recov-
erable resource base for coalbed methane curmently

comprises an estimated 90 trilion cobic feet in the
bower 45 States and 57 trillion cubic feet in Alaska.

Omee & coal deposit has been selected for mining, some
4 to 7 years of planning and development are needed
before production begins. Apart from the market for
coal, the questions that must be addressed include land
ownership, mineral rights, the quality and quantity of
the available coal, and the method of mining and
kransporting the coal

The mining method used depends on the depth of the
coalbed from {he surface and the character of the
terrain (Flgure 5). Coalbeds deeper than 200 fest are
usually mined by umderground methods, Those that are
at shallower depths are worked by surface methnds.

Although most underground mines are less than 1,000
feet deep, several reach depths of about 2,000 feet.
Underground mines are classified according to the type
of opening, or entry, used to reach the coalbed; some
mines have several different openings. A drift mine is
one that has a horizontal entry to a coalbed in a
hillside. In a slope mine, the entry is inclined from the
surfare o the coalbed. A shaft mine, equipped with
elevators, provides vertical access to a coalbed generally
dleeper than one reached by a slope mine. In addition
to the passages providing entry to the coalbed, a
network of cther passages are also dug to provide
access to various parts of the mine and for ventilation.

When the coalbed is reached, it is sectoned into panels,
or blocks, several hundred feef wide and several
theusand feet long (Figure 6). The achal mining of
these blocks is accomplished by three techniques: room-
and-pillar, longwall, and shortwall. Sometimes several
techntques are used at the smre Hme in different
sections of 2 mine.

Most unde coal is mined by the room-and-pil-
lar system (Figure 7). With this system, the miners
extract the coal by cutting a series of rooms into the
coalbed and leaving pillars, or columng of coal, to help
gupport the mine roof. As mining advances, a grid-like
pattern is formed in the panel of coal, whidh is about
400 feet wide and more than half & mile long. Gener-
ally, the rooms are 20 to 30 feet wide and the pillars 20
to 90 feat wide; the height usually is the same as the
coalbed thickness. When mining reaches the end of the
panel, the direction of mining usually is reversed.
During this “retreat” phase of mining, the miners
recover as much coal as possible from the pillars in a
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Flgure 5. Coal Mining Methods

Dift Mine

The mesthod of mifming A sval deposit depands on the Jepih of the coalbed and the ralure of s tamain.

systematic manner until the roof caves in. When this
phage of mining is completed, the area iz abandoned.
Although the goal is to extract all of the coal in the
panel, this ig not always possible because of natural
rogtreints, such as poor mine reof and floor conditions.
Furthermore, pillars are usuvally lefe to prevent sub-
sidence of the land surface above the mine. Fillars Ehat
are not mined include these along property lines,
around shaft bottoms or portals, and around oil and
gas wells ihat penetrate the coalbed. Generally, 50 to 60
percent of the minable coal is recovered with room-

and-pillar mining.

Two basic variations are used in room-and-pillar
mining: (1) conventional mining, the oldest, which
congists of a series of operations that involve cufting
the coalbed so it breaks easily when blasted and then
loading the broken c¢oal: and (2} continuous mining,

which uses a machine called 4 continuous miner that
combines cutting, drilling, and loading coal in one
oparation and requirez no blagting. Because of the steps
involved, conventional mining requires a larger crew at
the coal face—for examgple, 10 miners as compared with
6 for continuous mining. Generally, mining advances
into the coalbed in steps of about 10 feet for con-
ventional mining and about twice that in contnucus
mining. Since the 1950°s, continwcus mining has in-
creased and now accounts for 56 percent of the coal
oufput from wunderground mines, whereas the share
from conventicnal mining has fallen to ahout 12
percant. Regardless of the mining variation vsed, room-
and-pillar mining usually is not suitable for coalbeds at
depths greater than about 1000 feet As depth
increagas, larger pillars are nesded to support the
overlying strata and less coal can be produced.
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Figure 6. Underground Mining Systems
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Flgure 7. Underground Coal Production by Mining
Techniques, 1993
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Source: Energy Informafion Administration, Coal Inchsty
Annual 1923, DOE/EIA-DS84{03} (Washkington, D, Decamber

The second technique of vnderground coal mining is

mining, which is gaining importance in the
United States and can be used at greater depths than
room-2nd-pillar mining, MNearly one-third of the coal
curtently preduced undecground is from about 100
longwall mining opetrations, most of themm in the
Appalarhian Fegion. In longwall mining, a ruiting
machine operates back and forth across a panel of coal
averaging aboui 800 feet in width and 7,000 in length,
with the broken coal removed from the coal face by an
armored flexible conveyor. Two types of cutting devires
are used, shearers and plows. The shearer, by far the
more widely used, has a large droen-shaped cuiting
head that strips 20 to 36 inches from the coal face on
each pass. It rides on a special track on the armored
flexible conveyer. A plow is a much simpler machine
that is blade-like and fitted with bits or a saw-tooth
edge that cuts the coal face into slices up to 6 inches
deep as the plow is pulled across the coal face.
Longwal mining is done under movable hydraulic roof
supports, or shields, that are advanced as the bed is
cut; the roof in the mined-out area is allowed to f2H as

mining advances, forming an area of broken rock called
“gub.”

- "}T?'\. i

.1_“_-

L X S,

mmmwmwmmmmmmmugﬁ mamafcuh‘mghmds, Hﬁlﬂh&ebmlmn r.naua gathared

by loading amns,

Enargy Information Adménistratlonf Coal Datac A Adleronce

13

I U DT RGN L S ™ = 5 R L aRE S L W e o




o eyt T r 4

L wELAY &

L1

in longwall mining, & shearng meching sxeavates coal 28 I maves back and forth acrass a coal face hundreds of feat fong.

Production of coal per shift from longwall mining
generally is higher than that of either conventional or
continuous mining. The longwall technique oféen has a
better recovery rate. It is also safer because the working
arez is protected by overhead steel supports, coal
haulage 15 simplified, and ventilaion is better
controlled. However, mining hag certain limit-
ations. It is generally not suitable if the coalbed
thicknwees varies widely or if the coalbed is broken by
geologic faults. The mine roof or floor also must be
strong enough to provide a solid surface for the
suppotts, and the mine roof must cave evenly and not
“hang up.” Alzo constraining are high capital costs for
equipment and mine development.

The third technique of underground mining is shert-
wall mining, used in a few mines. Shortwall mining
Invelves the use of a continuous mining machine and

movable reof supports to shear coal panels 150 to 200
feet wide and more than half a mile long. Altheugh
similar to longwall mining, shertwall mining is gen-
erally more flexible because of the smaller working
area. Froductivity is lower than with longwall mining
because the coal is hauled by shuttle cars rather than by
CONVEYOr.

Al underground coal mining js a complex undertaking
requiring the miners to use not only special machinery
to cut and remove coal, but algo special techniques such
as roof bolting to prevent the mine roof from
collapsing. A number of safety procedures must he
followed to comply with Federal and State health and
safety regulations. Entries, or passage ways, consist of
at least three parallel entries, so thet if one is acci-
dentally blocked, the others afford a means of eseape.
Multiple entries also provide adequate ventilation
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to carry away methane, other gases, and coal dust,
with brattices and other stoppings used to direct the
flow of air; they also are used to drain water from the
mine

Araas where tmining has occorred are
subject to subsidence when the mine rouf collapses.
Subsidence can affect buildings and other structures,
and can alsp have hydrologic impacts, disrupting the
flow of water on the surface and underground. Sub-
siderce from longwall mining is generally more
uniform and more predictable becanze it usually beging
s coal exiraction progresses. By contrast, subsidence
due to roop-apud-pillay mining is difficult to predict
because the supporiing pillars deteriorate at aome later
time. The amount of subsidence from both types of
mining depend on such factors as the depth of mining,
the thickmvezs of the coalbed extracted, and the thickness
and strength of the overlying rock.

A coalbed can be surface mined when it is less than 200
feet deep. Surface mining, also called skrip mining, is
the feast expensive mining method, and sometimes it is
the only safe and efficient way of mining coal at

shallow depths, Surface mining is also less restrictive
than underground mining, because equipment can be
easily moved, although heavy equipment requires
stable pround. Coal-recovery rates at surface minves can
exceed 90 percent.

Surface mining i5 essentielly large-scale eavthmoving
that consists of excavating the sverburden from the
coalbed and then removing the coal. At some surface
mines, mainly those in Appalachia, two or more coal-
beds are mined during the same mining operation. The
amount of overtnarden, or spoll, excavated per ton of
coal recovered, called the overburden rafio, ranges from
1 to more than 30 cubic yards. The lower the over-
burden ratio, the more productive the mine, The lowest
overburden ratios are generally in the West.

Area surface mining is practiced on flai ground and con-
sists of a series of cuts 100 1o 200 [eet wide, with the
overburden from one cut used te fill the mined-out
area of the preceding cuk {Figure 8). By compariscn,
contonr surface mining follows a coalbed along hillsides.
When contour mining becomes uneconomical, addi-
tional coal can be produced from the mine’s highwall

Figure B. Area Surface Mining with Dragline and Shovel

ling and Blastng

It &rea mining, fong strips are excavated fo uneover the coal.  The ovariarden from the strp being mined is depostted it the strip

praviously mined.
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by the use of augers to drill 100 feet or more into the
bed, or by opening a small drift mine called a punch
mine. Opm-pitnﬁrﬁngisused where thick coalbeds are
steeply inclined, as in southwesbern Wyoming and the
anthracite area of Pennsylvania. An open-pit mine,
whchmmhme:sﬂwtequuesofcmbuurmmgmd
area mining, can reach depths of several hundred feet
The equipment used at sutface mines includes dragline
excavators, power shovels, hypdraulic shovels, bull-
daozers, front-end vaders, and bucketwhee] excavators,

Draglines remove overburden while power shovels and
hydraulic shovels load coal. However, bulldozers and
front-end Joaders are often used to remove overburden
in small mines; front-end loaders can also lead coal.
The few buckefwheel excavaters in use operate in flat
areas with soft overburden, such as in parts of the
Midwest and Texss. Conbnuous surface mining
machines equipped with rotating cutting heads and

In the anthrucite area of Pernsylvania, surface mining
Iviludes the mining of culm and silt banke—wasts
acenmulations of ¢nal and rock from earlier mining
operations that are now being used as fuel. Another
form of surface mining in parts of Appalachia is
dredging, which recavers coal that was dumped into

rivers from early preparation plants or ercded from
coal stockpiles or conlbeda beneath the rivers.

Because surface mining disturbs the land and can
produce unsightly areas, surface mine operators are
required o reclaim mined land by restoring natuaral
vegetation and drainage. Properly reclaimed mining
areas can be restored to a variety of uses, such as
farmiand, wildlife areas, or parkland.

Production

Coal has been mined commezcially in the Undted States
for more than 200 years, beginning in 1748 near Rich-
mond, Virginda. Westward expansion acruss the country
stimulated locel demands for cosl, so that by the
begimming of the 20t cenbary coal was being produced
in most of the Nation's coalfields, The historical record
of coal production reflects a record of industrial
progress, competition from other fuels, coal miners’
strikes, economic conditions, wars, envivonmental reg-
ulations, and health and safety laws.

Coal was produced in 26 States in 1993, with moere than
half of the total cutput {almost 1 billion tons) from

6 Enprigy Information Adminiaration Coal Data: A Raforerss




three States: Wyoming, Kenbucky, and West Virginia
(Table 2). Although Wyoming was the leader in
tonnage produced, Kentizclayr was the leader based on
the energy content of the coal produced and on the
value of production.

Table 2. The 10 Leading U.S. Coal-Producing
States, 1999
{Million Short Tons)

Parcant of

Staken Praduction Total
WHROMIND .. ve i iii i i 2101 a2
Konuchy ........cccoviuvnnnns 156,53 16.5
Vst Virgdnia ......cce0ihnal 130.5 138
Pennoydvanla ... .ovreriiinra- 58.7 843
TOMAY ......cuvivnrenrcnnans Ed6 58
WdE . isn i e 41.1 4.5
Vingne ...l asg 4.1
MONEAMA . . v v e s cvr i, 5.8 as
Merth Dedegta ..., ie e i 20 34
[ I 294 31
L1 | TER.E 83.4
US Totad tooncucuvurtravaria 9484 1000

Source: Energy ifonmation Adminkstration, Coal sy Anmual
1205, DOE/EIA-D584408) (Washinglon, DC, Dacamibar 1084),

About &0 parcent of the coal produced was bituminons
coal, historically the predominant rank. Most of the
balance was subbilumineus coal and lignite, both of
which have besn produced in increasingly larger
quantities since 1970 to satisfy the demand for ukiliky
coal. The share of tokal production from subbibominons
coal has risen from £ percent in 1940 to 29 percent in
1953, and that from lignite has risen from Jess than 2
percent to 9 percent. By contrast, antheactte production,
which accounted for dess than 1 percent of the 1993
total, has bean declining for several decades becansa of
compelition from other fuels and difficlt mining
conditions, which keep the price of anthracite relatively
high. Internationally, the 1993 U.5. coal output was
estimated to rank second to China among the moye
than 50 coal-producing countries.

Historically, arvwiat coal producten, fueling industrial
development, reachad 200 million tons before 1900
(Figure 9). It then climbed to more than 600 million
tons before declining during the ion years.
Production increased during World War I and peaked
at nearly 700 millfon tons in 1947, before trencling
downward in the postwar years as coal markets were
lost to low-cost oll and natural gas Not onty was oil

ensier and cleaner to handle, with low-cost oil imports
supplementing the domestic supply, but long-distance
pipelines were built to bring natural gas from the
Southnwest to eastern markets, where its convenience of
use cut sharply inte the market for coal for home
ing and cther uses. Cpal was alse comironted with
another rival in the utility market—the development of
rclear generated electricity. Further hampering the use
of utility cout was & growth in hydroelectric power. As
the market for coal weakened, coal production
from more than 500 million tons in the 19505 to a little
more than 400 million tons in the early 1960"s, although
it rose from time to Hme mostly because of increased
exports.

In the 19715, however, coal production once again rose.
Pollowing the Arab oil embarge, which disrupted the

Flgura 8. U.S. Coal Production, 1590-1953
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Years

The trand of L&, ceal production reflacts competition from
othar energy sotrcas, econchie condifions, stikss and wars.
The rise sloa 1950 i due iv increased vge of coxl o

generate eleclicly.

Sources: Energy kformation Adwminisiration, Siste Goal
Profiles, DOG/EIA-0576 (Washington, DC, Jamary 1884), and
Logl industry Annual 1505, DOE/EIA-0584{83} (Washington,
DC, Deemnbar 19684).
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supply of foreign oil and sharply incraased oil prices,
interest was renewed in the largely unused domestic
coal reserves as a way of reducing dependence on
foreign oil. In addition, the enackment of clean air
standards spurred the opening of large mines in the
West to supply low-salfur coal for electrc utilities. As
the coal market improved and new mines opened, coal
production expanded to record levels, surpassing 800
millien tens in 1980 and 1 billien tons in 1990, drop-
ping only slightly since then. In the last iwg decades,
the coal cutput from many States reached an all-time
high {Table 3). The upward trend for ceal production,

Table 3. Peak Year of ULS. Coal Production by
State, Through 1993

(Fhousand Shoert Tons)

E1ate Yooar Pradictian
Albarma ... ... ... 1980 28,030
Alaska ... . ........... 1986 1,745
Adroma ... . L. ... 18841 4,003
AMBNERE ... . ........ 1907 2870
Califormwa .............. 1880 o377
Colomade ........... 1483 21,486
Geordd ....o.eienes 1803 M7
1] 1 1o 1918 B9, 20%
ndana . . .............. 1984 a7 555
= 1117 B,0GG
Kewesas ............... 1813 ¥ 562
Bamueky ... 1990 173,302
Lotisiana .............. 1992 3,240
Mandand ... ..l 1807 5,083
Michigan ... ..co0v0n.. 18907 2,096
(8 T 1984 8,713
Monmtana . .. ............ 1992 38.BHD
Wew Mexizo ... .00 1533 28,268
Morh Caralina .......... 1922 70
Worth Dakote ... ....... 19093 21,973
Ohlo ... ot 1970 55,351
Oklaboma .. inwenrnnns 1578 6,070
Oregon ... ne i 1904 12
Panngytvaria ... -, ...... 1918 IrTaT?
Anthractte ... ........ 17 "EHi2
Bluminows ... ... 1418 176,551
Soulh Dakota . .......... 1841 i |
Tannesses ... .......... 1672 11,260
Teams ...... ..o vnueun 1550 55,755
Whah ... il 1960 22,065
Wiglels . ..., .. ..., 1990 46,817
Washingon ... ......... 1982 5,251
YWastVirgnfa ... _....... 1847 175,157
Wyoming ... ......... 1993 210,128
US Total ....cccvvaume 1990 1.029,076

Sources: LS. Deparmond of the Intonor, Bureau of Mines,
Minorals Yoarbook, vadous kGsues, and Enorgy  Informetion
Administration, Coel Production, QOEELA-0118, varous ssuss;
and Coal Indusiny Annued 1583, DOEFIA-D584(93) Washingion,
CC, Detembr 1834).

despite several coal miners’ strikes, was in notable
confragt with the generally declining preduction trends
{(based on total Bhu content) for domestic crude oil and
natural gas. Cumuiative U.S. coal production from 1890
through 1992 is about 58 billion tong {Table 4).

Table 4. Cuomwdative Coal Production by State,
1850-1983
iBlllizn Shorl Tans)

Percant of
States Producton Total
Parrsywvana ...........ccc0un- *ME3 26,3
Waat‘lul'igl'rh e EmaE s b Ead i epas 108 18.5
Kanbwcky ... ..., 7.1 122
[T+ e 0.6
0,3 35 [ f+)
WP « oo e v imnn e inns 29 5.4
Imlana-triril#-trilv-t-tlili E-i alﬁ
Wingida ... ... ... 20 a5
Alabamea ... ... ... .. iea., 19 3.2
Other Staies . .......cucveuaey 741 12.2
Total o iiiem i svsvinnmtsnmnnen 68.1 100.40

Yinchudes 10.7 bikon shorl fans of biuminous coal and 4.6 BRlon
short tons of anthcia.

Source: 1S, Deparent of e Inbéior, Bureau of Mines,
Mnemls Yearbook, apd Ensrgy Informafion Admingstration, Coal
Produetion, DOEEIA-0118, vadous 1asues, and Coad duely
Arrusl 1993, DOEFIA-DERY(S3) (Washington, DE, Oscember
1934},

The high level of coal production was accompanied by
shifts in both the geographic distzribution of coal pro-
duction and in the shate of coal produced by surface
mining. In 1570, most of the oal was mined east of the
Mississippl River, principally from the Appalachian
Region. By 1993, however, the share of production from
eastern cowd mines was ondy about 55 percent, while the
rest was {rom western mines. Equally significant, sur-
face mines gained a larger proportion of production,
about 6 percent in 1993 as opposed to 44 percent in
1970, most of it in the West.

The major share of the additional coal production has
been from leases on federally administered lends,
principally Federal lands but also Indian lands. Coal
production from PFederal leases—the fastest-growing
segment of US. coal production—has risen from 7
million tons in 1970, when it accounted for about 1
percent of the U.5. total, to 258 milkion fons in 1993,
when it comprised 30 percent, due chiefly to highly
productive leases in Wyoming. During the same period,
the coal cutput from leases on Indian lands increased
from 5 million to 28 million tons. Indian coal leasas
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Wyoming's Black Thurder surface ming, shown fere, is e Nelion's largest coal mine. s 1893 owlput of 34 miflion: short tors was

mors than the enlire production of many Siates.

leases are on the tribal lands of the Navajo and Hopi in
Arizong, the Navajo in New Mexico, and the Crow in
Montana. They are administered by the U.S. Depart-
ment of the Interior’s Bureau of Irxlian Affeivs, Coal
siles from Federal coal leases genermte substandiaf
royalties (3255 million in 1993) that are distributed to
the U.5. Deparment of the Treasury and to the States
in which the leases are located. Royalties from Indian
coal sales ($65 million} are disbursed to the tribal
governments and Indiar. allotment ownets.

The large amount of coal currently produced iz from
fewer but larger mines than in the past. The 1993 coul
output, for example, was from about 2,500 mines,
whereas in 15970 about 6,000 mines produced 40 percent
less coal. The greater cutput from teday's coal mines s
due to advances in mechanizetion thai brought
continuous mining machines and longwall mining
systems to underground mines and large<apacity
power shovels, draglines, and coal-hauling equipment
te surface mines. In 1970, mines with an arnual eutput
of more than 500,000 tons represented about 5 percent
of the total number of mines and accounted for almost
60 percent of total coal production. By comparison, in
1993 this category of mines represented 14 percent of
the tatal numnber, but supplied moere than three-fourths
of a considerably larger cutput In addition, nearly 200
mines in 1993 produced at a level of 1 millien tons or

more, together accounting for two-thirds of the togal
coal mined. OFf the 10 keading U5, coal mines In 1993,
§ were surface mines in Wyoming. The largest surface
coal edne was the Black Thwnder, which was operated
by ARCO Coal Company in Wyoming”s Pewder River
Basin; it produced 34 milHon tons—more coal than was
mined in I8 States. The largest wnderground coal
production, 7 million tons, was from the Enlow Fork
Mine of Consol Energy, Inc., in Pennsylvania.

Paralleling the trend of increasing mine size, coal-
produdng compandes have also become larger This has
accurred because the mechanization of mines requires
larger capital investenents. Some small coal cﬂmpamea,
lacking the fmencial respurces to contnue inde-
pendently, have merped with other roal compenides;
however, many small mining companies have cloged. In
additien, some large coal consumers, such as eleckric
utilities, have acquired interests in coal mining
companies in crder to secure long-term coal supplies.
Seme petrolevin companies have expanded their
interest in energy by acquicing shares in coal-producing
companies.

Becausa the bigger coal companies generally operate a
number of large mines, often in different States, they
have gained a greater share of total production. In the
mid-1950's, for example, the 10 largest coal companies
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produced about ope-third of the Mation’s coal suiput.
In 1993, with production at a much greater level, the
top 10 coal compandes accounted for more than 40
percent of the output (Table 5). Although foreign
companies have interests in U.S. companies, the coal
industry is predominantly conbolled by domestic
compandes, Cwrrently the top duee coal-producng
companies are the Peabody Hoiding Company, which
is controlled by Hanson PLC, a Bribish firm; Cyprus
Minerals, a US. company; and Consclidation Coal
Company, which is affiliated with Du Pont/Rheinbraun
AG, which representz U.S., Canadian, and German
interestz, In 1993, these three companies together were
responsible for about one-fifth of the total U.5. caal
output,

Table 5. The 10 Leading 1.8, Coal-Producing

Companies, 1853
{Miion Short Tons)
Percant of
Total
Company Praducon | Production
Pasbody Holding Co., . ... ..... &0 7.4
Cprus Minerals Ca, ... h e 65.3 6.5
Consol Enarggy. NG, .. .......... 50,7 54
Zafgis; Coal Holdlng G0, ... .. . a 375 4.0
ARCOCaalCo. ... ............ ava 4.0
HKenneoolt Enmgy Co. ... ... ... 357 3.9
EoonCoal USAIne. ........... 281 3.0
TexasUlies Go. .. .. ........-- &6 29
Mortana Powear Co. .. .vsiv e 264 2.8
Marth Amarican Coal Corp. . ..., .. 253 28
Yoil ... o a0s6 £30
US Total .,....... PN D454 1000

Nge:  Totals may not squal sum of componams beceuse of
independsnt rounding.

Sourcs: Enctiyy knfammabion Admirdstration, Cosd ndsky At
1223, DOEEIA-0S54(33) (Washington, DT, Degamber 1964d).

Quality of Coal Production

If coal wete a uniform product, it could be used with
fewer problems. However, its composition varies sig-
nificantly. Although characteristics such as fixed carbon,
volatile maiter, grindability, ash-fusion temperature,
and coking abiliey have long been important in using
and marketing coal, the heat vahse and the percentage
of sulfar and ash, by weight, are of special interest. The
heat value indicates how much energy is purchased per
dollar. The suifur content is an environmental concern
because sulfur dioxide, a pollutant, is emitted when
coal is bumed. The ash content represents the

incombustible materia) that can be emitted as partic-
ulate matter and also conttibutes to the ernsion of
beiler compoments.

The average heat value of coal is highest in the Easi,
where virtually all of the coal is bituminows in renk,
and relatively low for coal in the West, which has large
deposits of subbitumincus coal and lignite. Although
annual coal production has increased, the total heat
content of production has not risen at the same rate
because of the greater amounts of low-rank coal mined
for electric utilities. For example, in 1970, the average
heat value of the 613 million tons of coal produced was
23.8 million Btu per ton, resulting in energy production
of 146 quadriliion Btu. By comparison, the 1993 pro-
duction was nearly 1 billion tons, more than 50 percent
larger, but the energy value was 20.2 quadrillion Btw,
only about 38 percent higher, becauze the average heat
value of the coal declined to 21.4 million Béu per ton.
For utility coal, the average heat content dropped from
22,6 million Btu per short ton in 1970 to 206 millien
Btu in 1993, whereas the estimated heat confent of
coking coal was relatively constant during the period,
averaging 26.8 million Btu per shart ton annually, Coal
consumed by other industrial users declined slightly in
heat value, from 23.0 million Btu per short ten in 1970
to 22.2 millicn Btu in 1993, The small amoumt of coal
used by residential and commercial conswmers flac-
tuated bebween an estimated 22,2 million and 23.7
miltion Bfu per short ton during the period.

The average sulfur content of coal production, based on
utllity coal production, has been declining because of
the larger amounts of low-sadfur coal from the West
Chrer the 1973-1993 period, the average sulfur content
{by weight) of utility coal fell from 2.3 percent to 1.2
percent. Similarly, the average ash content {by weighit)
of utility coal also decreased over the period, dropping
from 13 percent to 9.5 percent, due to the greater use
of Wyoaning utility coal, which has a relatively low ash
content. Coal for industrial use in 1993 contained an
average of 2.5 percent sulfur and 13.5 percent ash.

Coal Prices

In general, coal is the least expensive domestic fossil
fue] prodizced, based on its heat content. Coal is about
one-third as expensive as crude oil and nearly half as
costly as natural gas. When adjusted for inflation, the
average price of coal in 1993 (about 320 per ton) was
about 44 percent lower than it was a decade earlier and
less than half of the price in the mid 1970's. The highest
price of onal in “real” dollars (adjusted for inflation and
expreseed in 1987 dollars) was $39 per ton in 1975,
which amounted to $19 per short ton in current dollars
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arvl waa the result of the oit embargo in 1973-74. The
embargo caused a sharp rise in oil prices, and coal
prices alao rose mainty because producers expected a
rapid and widespread switch from oil to coal Coal
prices reached $27 per ton in 1982 (real price of $32 per
ton) before falling as the price of oil declined and the
conversion from oil to coal slowed.

‘The price of coal varies by coal rank, mining method,
geographic region, and coal quality. Surface-mined coal
is generally lower-priced than underground-mined coal.
Where coalbeds are thick and near fhe surface, as in

Wyoming, mining costs and, therefore, coal prices tend
ta be lower than where the beds are thinmer and

deeper, as in Appalachia. The higher cost of coal from

underground mines reflects the more diffieult mining
conditions and the need for more miners. Coals with a
kigh heat content are generally higher priced. Low-
sulfur coals can command a higher prica than high-
sulfur coals. The average price per ton of coal in 1993
was about $9 for subbiiuminous coal, $11 for ligndte,
825 for bibuminoes coal, and £33 for anthracite.

Transportation costs add significandly to the delivered
price of coal In some cases, as in long-diseawee ship-
ments of Wyoming coal, tion cosls can be
more than the price of coal at the mine. The average
delivered price of coal shipped o electric utllities, the
major coal congumets, reached highs in the early 1980°
of about $35 per ton {real price of about $39 per ton).
Since then, the average delivered price of utility coal
has generally declined, dropping in 1993 ko about $29
per kon {real price of $24 per ton).

Employment, Productivity, and
Earnings

The number of woikars employed in the coal industry
has declined so precipliousky that the size of the coal
mining labor force today 15 less than cne-third the size
it was a century ago—despite record levels of coal
production. In contrast to a range of 400,000 $o 300,000
workers employed in coal mining from 1900 to 1950,
the number was avound 100000 in 1993. About 6,000
women were employed by the coal industry in
production and other work, Before 1973, government
records showed no women coal miners, reflecting
biases and superstitions, such as the belief that women
brought bad luck into the mine, By 1973, howeves, their
ranks had grown to about 2,600, and I 1982,
employment of women coal miners peaked at 11,600.
The rise was spurred by the 1964 Civil Rights Act, &
1965 Executive order barring discoimination in emplay-

ment and affirmative action plans for
husinesses receiving Federsl contrarcts, and 4 1978 U5

Dlepartment of Labor training program for women who
wanted to begin coal-mining careers,

The drop in the size of the total coal workforee
has been due to the replacement of manual Iabor by
machines in virtually every phase of mining. At under-
ground mines, the improvement of equipment and the
intreduction of remote-conirolled mining and roof
holting and other inmovatione have reduced crew sizes
while improving safely and produchvity. At sarface
mines, aperations have speeded up and the nunber of
employees has drapped through the use of larger and
fagter excavating and tonsporting equipment and
improved blasting techniques. At both types of mines,
computers have become an integral part of mine
planning and pperations and ate also having 2 positive
influence an productivity.

The greatest loss of miners has been in the coalfislds in

where the number has been reduced by
more than half gince 1980, falting from 171,000 ko 71,000
in 1993, Nevertheless, Appalachia confirues to be Hw
center of the 115, coal workforce, with aboat 7
ouk of every 10 TS, cosl miners in 1993 Nearly half of
the coal miners worked in Kendacky and West Virginda
{Table 6).

Table 6. The 10 Leading States in U.5. Coal Mine

Employment, 1993
Average
Humber Porcant of
Shvde of Miners Total
Mambehy ... . vicivininnan 24,062 2z
Wastviginda ................. 25.0TH 287
Pannsyivanla .. 10,8440 108
Vi ... i ea 8,328 [ ]
IMnols oo viiiiinririnannaes ¥,a03 72
Alabama . ................... 5,388 5a
L 1 A.R6E an
Indlana. ... i e e 33 33
VIO .. s im i iimenna 3,188 a1
L. T 1,84 1.8
Tobl .siiiimrrsissmans PP ¥,22D oo
WS, Tetsl .... 1 3z 100.0

Mobe:  Awerage numbar woridng dally.  Includes employcas
angaged B peduction, pEpoation, processing,  development,
mainbananos, sopelr, shop or yand work at mining opemtions.
Excludas office warkors and mings producing kess then 10,000 short
tong of coal dudng the year and preparaiion plants with kess than
B,00C smployas hours.

Sowres; Enargy information Administation, Coaf vy Anmraf
1683, BOEEIAR-O584(83) (Washingion, DG, Dacernber 1994},

Energy infarmation Admindsiration’ Coal Daika: A Raferanca a

s




Although coal mine employment has fallen, overall
productivity in the U.5. coal industty has reached
record levels. Productivity in 1993 was nearly 5 tons
per miner per houy, almost six Hmes higher than in
1930, due mastly to a higher rate al surface mines.
Productivity at swface mines has consistently been
higher than at underground mines, primarily because
fewer workers are required. Productivity rese from
about 2 tons per miner hour in the 1950's to a peak of
neatly 5 tons per miner hour in 1974, dropped to about
3 tons in 1978, and since then steadily grew to 7 tons in
1993. The decline in 1978 was due to several factors.
One was the opening of smaller, less efficient mines
{often worked by younger, inexperienced miners) in
response o rising coal prices due to the oil embargo in
the eatly 1970's. Many of these mines later closed when
the price of coal deropped and mining became
uneconomical. Another factor that initally depressed
surface mining productivity was the enactment of the
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Apoul 700,000 coal minears were smploped it 1383, On average, they produced & short tons of cosl par howur, eaming 17 par hour,

Federal Surface Mining and Reclamation Act of 1977
and State reclamation laws, which require restoration of
mined land, thereby diverting somne employees and
equipment from production activities. Factors that have
been significant in raising the average productivity at
surface mines are increases in the size and power of
surface mining equipment and the Jarge-scale mining of
very thick coalbeds in the West.

In underground mines, improvements in productivity
have been less dramatic. As recently as the early 1950's,
underground miners averaged less than 1 ton per hour.
The rate approached 2 ttms per hour when the Federal
Coal Mine Health and Safety Act of 1969 imposed
many new safety regulations (such as the need to stop
work between coul cots to Install roof suppotts). These
initfally hampered underground productivity, which
fell to a low point of about 1 tom per miner hour in
1978. Howewer, the regulations became less of a
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constraint as miners learned to adapt to the changes
without compromising safety. As with serface mines,
productivity was aleo hampered by the opening of
many small, less efficient mines n response to rising
coal prices and rising demand due to the ol embarge,
mines that later Became uneconamnical and closed. Ako
taling their toll on productivity in the 1970°s were
several major coal miners” strikes by the United Mine
Workers of America. However, by 1993 underground
productivity reached nearly 3 tons per miner hour,
reflecting the greater uze of contnuous-mining
machines and longwall meining.

Coal minerz, in gerwral, are the highest paid workers in
the mining industry, including oil and gas extraction;
their wages are above the average paid in the steel,
automobile, and chemical industries, according to the
US. Department of Labor, In 1993, coal mine pro-
duction workers averaged $765.90 per week (in current
dollars), or $17.25 per hour, working an average of 444
hours. A decade eatlier they eamed $547.63 per week
(current dollars), or $13.73 per hour, for 309 hours.

Health and Safety

Coal mining, particularly underground coal mining,
historically has been a dangercus ocoupation, but the
tisk has been reduced dramatically. In recent years, the
injury incidence rate for coal mining has been generally
below that in many sectors of the construction and
manufachuring industries, according to the 1.5, Buresn
of Labor Statistics.

The Faderal Govermment has been involved in mine
safety since 1910, when established the
Bureau of Mines as 2 research and fact-finding agency
on coal mining. In 1941, Congress authorized Federal
notrepulation—of coal mines. After119

miners wera killed in a coal mine explosion in West
Frankfort, Mlinais, in 1951, Congress enacted the Federal
Coal Mine Safety Act of 1952, which increased the
Bureau’s inspection authority and empowered it fo
close underground mines engaged in interstate com-
merce that did not follow mandatory safety standards
for wunderground coal mines; surface mines and
und mines operations employing fewer than

15 workers were sxempted. The Federal Coal Mine
Health and Safety Act of 1969 vagtly increased the
Government's enforcement powers by covering wir-
tally every aspect of coal mining and by mandaling
fines for violationg, anthorizing criminal penalties for
mtentional viclations, and enabling miners to request
safely ingpections. In additien to imposing mandatory
safety haining, the new law requires coal-mine

operaters to have plang for ventilation, roof support.
and emergency evacuation approved by the Mining
Endorcement and Safety Administration (MESA). MESA
was created in 1973 in the U5, Department of the
Inigrior to handle mine inspections previously per-
formed by the Burean of Mines. It is the predecessar of
Boday's Mine Safety and Health Administration
(MSHA), formed in 1978 as part of the 1.5, Department
of Labor. MSHA is required to inspect underground
coal mines four times per year and surface coal mines
two tmes per year It has the autherity to iseune
citations and stop mining operaticns when conditions

are dangerous.

As a result of more stringent safety regulations, mech-
anization, and roof bolting, the record for mine safety
has greatly improved. In 1993, coal mining claimed 47
lives. In the 1980%, an average of 79 coal miners lost
their lives each year, whereas in the 197)s, the toll
averaged 129, The worst year in the history of coal
mining was 1907, when 3,242 miners perished.

Explosions of coalbed methare ardd coal dust, which are
ignited by a flame or spark, cause the major cgal mine
disasters and ¢laim the greatest number of lives where
coal is mined underground. In the United States, the
first reparted coal mine explosion occurred around 1810
near Richmond, Virginia. The worst 165, coal mine
disaster, taking the lives of 362 miners, was due to an
explasion at Monongah, West Virginia, in December
1907, Mine safety repulations and practices have mark-
edly redured the danger of explosions by requirng
sufficient mine ventilation to prevent the accumulation
of high levels of methane and coal dust in the mine
atmosphere. Coal dust 1s also controlled by making it
noncombustible through the nse of watersprays and by
“rockdusting” mine areas with pulverized limestone or
similar noncombnistible material. Other safety measures
inclurde the use of explosives and electrical equipment
that have passed certain safety tests and are formally
approved as “permissible” by MSHA.

Historically, winter is the most hazardous time for coal
mine gxplosions. From October through March, MSHA
notifies underground coal miners of a “Winter Alert,”
warning them that methane and coal dust explosions
are more likely fo oocur during this period than at any
other Hme of the year. Hazards increase because dry
winter air entering a mine becomes warm and absorbs
moisture from the mine workings. As the mine “dries
out,” more coal dust becomes suspended in the mine
afr, increasing the risk of ignition. In addition, a sudden
drop of barometric pressure causes methane to expand
and flow from inactive areas of the mine to areas where
the miners ars working.
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Although explesions are responsible for the most
dramatic disasters in underground coal mines, roof falls
historically have been the single most frequent cange of
fatal accidents in 1J.S. coal mines. Roof falls ecour when
part of the mine roof or rib {stde) breaks away. 1Jsually
this occurs within 25 feet of the working face, before
the area is permanently supported. More roof fail
fatalities occur with the roome-and-pillar mining method
than with longwall mining. Fatalities at surface mines
are largely caused by falls of rock from the gide of the
mine and accidents involving machinery. Haulage-
related accidents generally rank second as the cause of
coal mine fatalities.

Apatt from accidents, coal miners also face the danger
of contracting coal workers prenmoconiosis, or “black
lung,” the consequence of breathing and retaining too
much coal dust. When ¢oal dust collects in the smail
passages leading to air spaces in the hmgs, the lung
tissues react with the dust to form masses of denge
fibrous tissue. Elark hmg, a progressive disease, cauges
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AMining rasesrch ingludas the davalopmen! of tschnodogy that will enabla & miner o be located in & safe place white using a
compidar fe comtrol & mining machine,

difficulty in breathing and persistent coughing, and can
puk a fatal strain on the heart. Miners with the disease
are eligible for disability under the Federal Black Lung
Benefits Act of 1977 arud its amendments, a program
funded through taxes paid on coal preduction at 2 rate
of $1.10 per ton for underground mines and 55 cents
per tom for surface mines. However, most of the Black
Lung claims filed befors: 1973 are administered theough
the Social Security Administration.

Coal Miners’ Unlons and Strikes

The United Mine Warkers of America (UMWA) ranks
first among about 40 labor unions that represent ELS.
coal miners. Formed in 1590, the TRAIWA has been the
feading coal minets upion and has been in the forefront
as a collective bargaining organization representinyg coal
miners. It is the major union in the coalfields in the
Eagt. UMWA coal miners currently accmmt for about 40
percent of the US. coal mining workforce and prmduce
about one-fourth of the total coal output. Other unions
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represent 4 percent of the coal miners and account for
a 9-percent share of production. By contrast, nonunion
workera compose about 55 percent of the coal mining
waorkforce and account for about two-thirds of U.S. coal

producfion.

Major coal miners’ strikes—those creating a significant
disruption on coal supplies—are generally precipitated
when a contract expires and no agreement is reached
between the UMWA and the Bituminous Coal Qper-
ators Association {(BCOA) over the terms of a new
coniract. The principal bargaining issues focus on wage
and fringe benefits, including health and rxetirement
benefits. Contract agresments between the UMW A and
the BCOA tradiionally set the pattern for coniracks
between smaller vmions representing coal miners and
other mining companies or associations that do not
balong to the BCOA, such as the Independent Bitumi-
nous Coal Bargaining Alliance. Overall production is
usually not significantly affected by the small “wildcat”
strikes that occur locally from time to time, usunally
over miners’ grisvances and local issuas.

During a major strike, nonunion mines may also be
idled by pickets or by miners walling out in
“sympathy” strikes. Generally, strikes by the UMWA
are most significant at underground mines in Appa-
lachia, the center of UMWA membership. Before 1984,
major coal miners’ strikes were generally nationwide.
Since then, the UMWA’s tactc has been to czll selective
strikes against one or more companies. The strildng
miners are supported through UMWA payroll assess-
menfs into a selective strike fund.

The early history of the coal industry often featured
long strikes, commonly over needed reforms. In 1922,
anthracite miners in Pennsylvania went on strike for
180 days and bituminouws coal miners for 140 days. The
Maton's longest coal miners’ strike—166 days in e
anthracite region—was in the fall and winter of 1925-26,
before the Taft-Hartley Act for ending strikes was
enacted. In 1949-1950, a ¢oal miners” strike lasted 116
days, although the miners went back to work several
times during that period. Since 1950, major coal miners”
strikes have occurred in 1966 (16 days), 1968 (13 days),
1971 (44 days), 1974 (28 days), 1977-78 (111 days), and
1981 {72 days). In October 1984, a nationwide strike was
averted for the first ime in 20 years with the signing of
a new UMWA-BCOA contract extending through
January 1988, and in earty February 1988 another new
agreement was ratifted without striking. The new con-
tract was for 5 years, whereas past coniracts usoally
lasted about 3 years,

From April 1989 through most of February 1990, a
UMWA strike against the Pitiston Coal Company, with
which it was negotiating 4 separate contract, affected
the company’s mines in Virginia, West Virginia, and
Kentucky before a 4 1/2-year agreament was reached.
At issue were job security and health and reirement
benefits. In 1993, unsuccessful contract negotiations
between the UMWA and the BCOA led to a series of
selective strikes that idled tnore than 16,000 miners in
seven States in Appalachia, The first selective striles
wers againgt the operations of Peabody Holding
Companyy, the Nation"s top producer, and Hastern
Agsociated Coal Corporation. The strikes lasted from
February 2 to March 3 and ended when the negotiators
agreed to extend the contract for 60 days. Pailing to
reach an a t at the end of the period, the union
expanded its selective strikes to include Jarge mines
operated by other companies. This naw serles of strikes
lasted from May 10 ymtl December 14, 1993, when en
agreement was reached that will remain in effect
through Augnstl, 1996, In addition ta increasing wages
and pensions, the new agreement provides for 60
percent of new job openings te be filled by UMWA
workers, increases health care benefits, and gives the
company the: right to establish 7-cay work schedules. In
a separate collective bargaining agreement signed fune
20, 1994, the UMWA and the Pittston Coal Company
concluded a new labor pact in June 1994 that extends

through 1998.

Preparation

Most of the coal produced in the United States under-
goes some degree of processing, or preparation, to
make it a more marketable product. The amount of
preparation required depends on the customer’s specifi-
cations. Some coal is blended at the mine where, for
example, high-sulfur coal from one area can be mixed
with low-sulfur coal from another to produce a
medium-sutfur coal that is acceptable to a consumer.
FRoughiy half of the bituminous coal currently mined is
sent ko preparation (or processing) plants for some form
of coal cleaning. About two-thirds of the bituminous
coal mined in the East for eleckic powsr plants is
cleaned, whereas the subbihminous coal and Lignite
shipped from western mines to electric utilities is
generally only ¢mished and screensd to facilitate
handling and ta remove extraneons matkerial introduced
during mining. Nearly all of the coal used ko make coke

for steelmaking undergoes a high level of cleaning.

Cleaning upgrades the quality and heating valte of coal
by remeving or reducing the amount of pyritic sulfor,
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rock, clay, and oiher ash-producing material. Cleaning
alse removes rmaterials that becomes mixed with the
coal during mining, such as wire and wood. Con-
ventonal cleaning methods geperally remove up to
ore-third of the inorganic (pyritic) sulfur in coal, but
none of the organic sulfur. Currently, commercial tech-
nelogy is not available for reducing the levels of the
alkali metals sodivm and potassium. In general, about
3 tons of refuse are removed from every 100 tons of
raw (as-mined) coal that is cleaned,

Coal ceaning is based on the principle that coal is
lighter than the rack and other impurities mixed or e
bedded in it. The impurities are separated by various
mechanical devices using pulsating water currenits and
rapidly spinning water. The large buoyancy difference
between coal’s combustible matter and its mineral
impurities is exploited efficiently with the use of liqmds

e - e, " i‘::.-e.‘... e R
Coal quality /s upgraded In a preparation plant.  This pland in wesiern Manviand car process 1,500 short tons of coal per iour.,
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of different densities in dense-medivm systerns, which
are used in about two-thirds of the plants. The fmely
powdered coal {coal fines) produced during mining,
handling, and crushing operations is usable but difficult
to clean and handle. Finely sized coal is cleaned by
froth flotation, a relatively high-cast chemical/physical
process in which the coal adheres to air bubbles in a
reagent ard floats to the top of the weshing device
while the refuse sinks to the bottom. About 40 percent
of the T15. coal cdeaning capacity consists of plants that
use froth flotation to recover coal fnes. The remaining
plants either discard the coal fines as refuse or mix
uncleaned ceal fines with the ceaned coal for shipment
to customers. Oll agglomeration has been vsed to a
limited extent to clean ultra fine coal. The oil clings
te the coal surface, causing it te agglomerate while
other refuse particles remain suspended and are re-
moved.
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Coal cleaning consists of the followinyg basic steps in-
volving physical preparation and physical cleanmg; {1)
crushing, grinding and/or breaking, to prepare the: coal
for the washing process; {2) sizing, to sepermate copl
into different dimensions, both to match the specifi-
cations for the varous cleaning devices and to meet
market, requirements; (3) washing, to remove ash and

Figure 10. Basic Flow of Caal Through a Preparation Plant

RAW COAL

SIZE REDUCTION
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sulfur components from coal; (4} dewatering ardd
drying, to remove excess moisture and prepare the
cleaned coal for shipment and alse to increase its heat
value (Figure 10}, Cleaned coal of different sizes and
properties can be blended at the plant to meet con-
Suiner requirements,
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Thera were 270 coal preparation plants operating in the
United States in 3993, according o Coal magazipe.
Varying widely in levels of complexity, the plants had
capacities rangng from 40 tons to 3,200 tons per hour.
Most of the plants were in the East, with those in West
Virginia and Pennsylvania acceunting for nearly half of
the IJE. total. The largest preparation plant was the
Bailey plant of Consel Pennsylvania Coal Company in
Graysville. Preparabion plants In the bituminous coal
region are sometimes called “tipples,” because in the
past coal cars were “tippled,” or dumped, into the top
of the plant; today, tansfer Is accomplished by
conveyot. In the anthracite region, preparation plants
are often called “breakers,” a name originating m the
fact that anthracite, a relatively hard coal, is broken and
gized in the plant.

Transportation

The coal industry deperids heavily on the fransporta-
tion network for delivering coal to customers across the
country. The flow of eoal is carried by railroads, barges,
ships, trucks, conveyors, and a slurry pipeline. Coal
deliveries are usually handled by a rombination of
transportation meodes before finally reaching the con-
sumer. The methods of ranspertation and the shipping
distance graatly influence the total cost of coal to the
consumer. For some western coals shipped over a great
distance, the freight cost may represent three-fourths of
the delivered cost of coal.

Railrcads are the foundabon of the coal distribution
system, annually handling about 60 percent of the coal
shipped to domestic customers. Just as railroads are
important to the coal industry, coal shipments, mn tum,
are the leading sourre of freight and revenue for the
railroad industy. In 1993, coal constituted nearly 40
percent of railvoad freight tonnage and provided over
$6 hillion in revenue, generating about 21 cents out of
every dollar of freight revenue eamed, according to the
Association of American Raitroads.

Since 1970, railroads have accounted for a steadily
larger share of coal shipments from the Wast {in-
creasing from &1 percent to neardy 70 percent of the
total in 1993), reflecting 2 greater demand for low-
sulfur western coal as well as improvements in the
area’s rail ransportation system, particularly m Wyo-
ming, Over the same period, railroads hendled an
average of 55 percent of Appalachia’s coal shipments.
Rail's share of coal shipments in the interior region
dropped from 51 percent to 45 percent, due mainly to
a fall in the demand for the region’s high-sulfur coal to
produce electricity and for its coking coal Currently,

the three leading States in which domestic coal ship-
ments originate by rail are Wyoming (35 percent of UE.
rail shipments in 1993), Kentucky (18 percent), and
Wegt Virginia {10 percent). The largest coal-carrying
railroads are CEX Transportation Incorporated, Burling-
tan Narthern Faiircad Company, and Nocfolk Southern
Corporation, which fogether handle over three-fourths
of all 11.5. coal shipped by mil.

Unit trains account for more than hali of railrcad conl
shipments. Unlike a conventional coal rain or 2 mixed
freight brain carrying individual carloads of coal, a ynit
coal irain carries coal from a specified loading facility
straight through te a specified customer without stop-
ping. It uses dedicated equipment, whereas other trains
carrying coal gemerally draw the equipment needed
from the railroad’s operating poal of locomotives and
cars. Semetimes termed “the ain with a one-track
mind,” a unit coal train operates om a2 predetermined
schedule, following the most direct route and providing
high productivity and low shipping rates. Comprising
a5 many as four or five locomotives and 100 to 110 cars,
a unit coal Erain is over a mile long. It can be loaded
with 10,000 to 11,000 tons of coal in 2.5 to 3 hours and
unloaded in 4 to 5 hours. In some States, unit ceal train
traffic can be heavy. In Wyoming, the leading coal-
producing State, about 4 unit coal trains left the State
daily in 9% while a like number retumed for
reloading, according to the Wyoming State Geological
Survey.

Two types of railroad cars are used for transposting
coal, the gondola and the hopper. Gondola cars have
flat bottoms, straight sides, and open tops ami are
unloaded by being Hpped over by rotary dumpers.
Hopper cavs have sloping bottoms with gates that open
to discharge the coal. Today’s rail cars hold an average
of about 96 tons, nearly 20 percent more than in the
early 19703 and almost double the capacity of railroad
cars in the 1920s, Cars used for eastern coal are slightly
smaller than those for western coal, the difference
reflecting the density of the coal carried. Eastern coal is
denser than westemn coal and so the equipment
designed to haul it has a smaller capacity. Most cars aze
made of stee], but a large number of aluminem-bodied
cars are alse used. Lighter in welght, aluminum cars
offer a savings in transportation costs becanse they can
carry 5 o 10 btons more than skeel cars without
excending track weight limitations. On the return trip,
the lighter cars also result in fuels savings.

Waterbome shipments rank next to railroads in coal
shipments, accounting for nearly 2 out of every 10 tons
of coal shipped annually to domestic markets.
However, the proportion of motal domestic coal
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conl is the feading sowrca of rafroad freight and ravenne,

shipments moved by water has declined from 2% per-
cenit In 1970 to about 17 percent in recent years,
reflecting in part the shift of coal production away from
the Northeast and Midwest, the regions with fhe
greatest use of water transportation. Kentucky and
Woest Virginia are the leaders i water transport of coal,
together accounting for a little more than half of the
total in recent years. Coal’s approximate share of total
domestic shipments of major commodities by type of
waterway in 1991, according to the U.S. Army Corps of
Engineers, was as follows: coastal, 5 percent; Great
Lakes, 17 percent; and inland waterways, 30 percent.

Barges and ships move coal on rivers, the Great Lakes,
and tidewater areas, The major inland waterways for
coal traffic are the Misslssippd, Ohio, and Black War-
rior-Tombighee rivers. Towboats piving these waters
typically push 15 to 20 barges leaded with 20,000 ¢o
30,000 tons of coal. The amount of coal shipped in a
single tow (a string of barges} is determined by the lock
siz¢ on the waters navigated. Large tows can be

i

Tha unit coal trafry iz the symbol of cosl iransportalion. Railroads are the feundalion of the cosl dishibuiion system. Conversely,

handled in the deeper waters of the lower Mississippi
River. On the Great Lakes, domestic coal traffic gens
erally ranks second io ivon ore. Shipments are typically
made by lake carriers, which are about 700 feet long
and 70 feet wide and hold about 20,000 tons of coak.
Several lake carriers are about 1,000 feet long and have
about fheee times more capacity. The most extensive
coal traffic on the lakes is to destinations in the north
and west. Lake carrfers sailing south generally contain
ron ore or grain. Shipping on the Great TLakes usually
is immobilized by ice fiom mid-December through
trid-March. Some coal deliveries from eastern ports to
power plants in Massarhusetis are carried by a coal-
burming collier, Energy Independence, placed in service in
1983.

Coal deliveries by tmack account for gbout 1 out of
every 10 tons of coal shipped. The level of coal
transportation by truck has not varied significantly in
the past two decades. Although the use of trucks for
hauling coal is widespread, it is very Important in a
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number of States, including Alabama, Indiana, Penn-
sylvania, Texas, and Ttah. Trucks are wsed for short
hauls, generally of less than 50 miles. Frequently, coal
transported by rail or barge is first trucked o the
ipading dock or fransferred by ruck at some point. In
some areas, such as parts of the Appalachian Region,
frucks are the only economical way to kransport coal
Individual coal shipments by truck are relatively small
Three-axle dump trucks hold about 20 fons; tracior-
trailers carry up to 25 fons. The maximum load a troack

can carry on highways iz limited by State regulations.

Aerial tramways, conveyors, and a coal slurry pipeline
together account for about the same amount of coal
deliveries as frucks, The percentage of coal shipped by
this fransportabion category has increased from about 4
percent in 1970 to about 13 percent in recent years. This
growth was partly due to the rapid growth of coal
production in the West, where conveyors are often used
to deliver coal directly from mines to nearby power
plants.

Aerial tramwaya cover relatively short distances, but
conveyors nsually are many miles leng, commenly
linking mines with power plands. The Nation’s only
coal slury pipeline is the Black Mesa line. Spanning
273 miles, this pipeline is 18 inches in diameter and
connects a coal mine in northern Arizona to a power
plant in southern Nevada. It carries about 4.5 million
tons of coal annually in a slurty composed equelly of
finely ground coal and water, the jpumey from mine to
plani taking about 3 days. About 1 billion gallons of
groundwaber are used anmueally. There are 9.7 million
gallons of water and 45,0 tons of coal In the pipeline
at any one time. The Black Mesa coal slurry pipeline
began operations in 197, about 7 years after the closing
af the Nation's first long-distance coal slurry pipeline,
the Bastlake, which carried coal from Cadiz, Ohio, to a
power plant east of Cleveland.

Supply and Stocks

In recent years the supply of coal from 11.5. mines has
sveraged about 19 milion fons per week, This is more
than enough to provide the fuel required to generate
electricity for a metropolitan area the size of New York
City for about a year. The weekly supply <f coal from
the mines varies considerably, Sharp rises oocur in
response te increased demand, including increased use
of coal-fired electricity generation to coffset declines in
generation from other sources, These declines occur, for
example, when nuclear power generation drops because
of scheduled maintenance, when hydroelectric genera-
tion falls during peciods of low water, or when coal

stockpiles are built up in anficipation of a coal miners’
strike.

Downward swings in weekly coal preduction and sup-
Ply uwsually are caused by miners’ vacations and
holidays, Strikes by coal miners and workers involved
with coal shipments can sharply curtail the supply of
coal from the mines. Delays in delivering railread cars
to the mines can result in a drop in coal shipments,
Freezing temperatures can hamper the unloading of
railroad cars. Although coal shipped by rail in winter
is generally treated with freeze-control agents, this
protective treafment can be washed away and the coal
can freeze solid in the railroad cars. Coal frozen in
railroad cars is thawed in heated sheds and /or mech-
anically broken into pieces of manageable size. Heavy
rains and flooding can also impede mining operations
and coal shipments. For instanice, from June through
August 1993, severe flooding along the upper Missis-
sippi and Missouri river basins disrupted coal
deliveries to power plants in abeout nine Midwest States
and to power plants in States beyond that area, because
trains were delayed or rerouted around the flooded
regicn.

As insurance against a disruption in deliveries, large
coal consumers generally maintain a 45 to 60-day
stockpile of coal. Large quantities of coal are generally
stored in open stockpiles on the ground, piled in
diverse fonns, such as cones, blocks, and rows, Coal is
alse sfored I covered ground storage—in bins,
bunkers, and silos.

Year-end coal stocks since 1990 have averaged nearly
150 million tons, equivalent to about one-fifth of the
average annual coal consumption. More than 80 per-
cent of the stockpiled coal was at electric power plants.

Use

Coal is used in all 50 States and the District of Colum-
bia. it 1993, 10 States accounted for about half of the
fotal coal consumed (Table 7). OF these, Texas, Indiana,
Ohio, and Pennsylvania consumed the largest amounts,
with a combined share of 2% percent of the tonnage.
However, based on the estimated energy content of the
coal consumed, the renkdng was as follows: Ohio,
Pennsylvanda, Texas, and Indiana.

The use of ¢coal in the United States has risen almost
steadily since the carly 1970's, reaching record levels
and totaling 926 million tons i 1993, On a per capita
basis, coal consumption in 1993 was nearly 20 pounds
per person per day, which continued an upward trend
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Table 7. The 10 Leading U.S. Coal-Consuming
States, 1993
{Million Shart Tans)

Parannt af

State Geonzumplion Totl

TEHAS ...t iinr e 865 10.5
T ] 604 23
OB it rrnn e ate s 59.0 8.3
Pennaytvaria ... ............. B52 6.1
Kembucky . ..... . ......... a3.1 42
[1°] - 3B 4.1
AT . ress ittt isoanraan 3.0 3.6
Mchigan . ...... .00 irenn e 2 3.5
WestVimginkla ................. 320 35
WorthCakota ... ..., .. ... ... ana 33
Yokl oot vvueasrtunurvrnasnrane 4172 214
DETolal .oovvivvnnaranesres 25,9 100.0

Mobe: Tetol doss mot equel sum of conponents because of
indepandant rmunding,

Sourre: Enargy micrmation Adminisiration, Queneny Coal Repant
Cofahar-Cacamber 1923, DOEEIA-0121(3340) {Washington, OC,
Moy 1604): and Quarderly Coa Raport Jamsay-lMarefr 7994,
DOEEIA-0121(84/10) (Washington, DC, August 1994),

that began in the 1960's (Figure 11). Virtually alk of the
growth has been due to the increasing amounts of coal
used 0 generate ebectricity. _

The upward trend in cgal consumption was spurred by
the Arab cil embargo in the fizst half of éhe 1970,
which caused substantial price increases for petroleinn,
and by a natural gas shortage in the second half of the
1970's. As a result, the share of total US energy
consumption supplied by coal hag increased sipnifi-
cantly. At the time of the Arab oil embargo, coal
accounted for 17 percent of U.S. energy consumpbon.
In 1993 its share was 23 percent. Historically, however,
this is a markedly smaller proportion than in the early
1900's, when coal supplied neatly all of the U.S. energy
needs, or 1940, when it supplied about half.

In recent years, the mxrease in energy supplied by coal
has not matched the increase in coal tonnage. For
example, the amount of coal consumed increased by 32
percent from 1980 through 1993, but the energy derived
from the coal in 1993 was only 26 percent higher than
in 1980, The differemce is due to the greater use of
subbituminons coal and lipnite, which are mined in the
West. Both have a relatively low heat content as
compared with bituminons coal, which held a larger
share of consumption in earlier years.

Figure 11, U.S, Daily Per Capita Coal Consumption,
1850-1893
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Commatcs, "Statisiosd Abatracts of the United States,” varniolis
IEoues,

More than 8 out of every 10 tons af the coal used in the
United States are for electricity gemeration, the most
important market for coal since the 1350°'s. The coal is
used te preduce high-pressure steam for driving an
elecirical generator (Figure 12). Due to the cost
advantage that coal offers over oil and gas, the amount
of coal wsed by utilities annually has trended upwards.
Although electricity generated from nuclear power
increased. in the 1970°s and 1980's, at the expense of
petroleum and gas, coal’s contribulion was on an
upward trend, generally keeping pace with the growing
demand for electricity. Part of the reason for the rise
was the Powerplant and Industrial Fuel Act of 1973.
The law prohibited the use of il or gas in most new
large boilers and compalled uklities to convert many
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Figure 12. Schamatic of a CoakFired Power Plant
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existing oll- and gea-fired boilers ko coal. The law was
amended in 1978 to repeal restrictions on the use of oil
or gas in new baseload power plants if they were
designed to permit future conversion to coal, but the
later regulations became redundant because rapidly
rising petroleum prices and natural gas shortages in the
1570 gave coal the aconomic advantage.

Utility coal consumption has risen from less than 400
million tons per year dunng the early 197(¥s to more
than 800 million tons in 1993. The electricity generated
from coal has increased from 704 billion kilowatthours
in 1970, when it accounted for 46 percent of the total, to
a record 1,580 billion kilowatthours in 1993, when its
share was 57 percent By comparison, of the total
eleciricity generated in 1993, nuclear power supplied 21
percent; natural gas and hydropower, 9 percent each;
petroleum, 5 percent; and geothermal and other
sources, 1 pexcent.

In addition to the electricity produced by utility
companies, a small amount of electricity is generated by
nonutility power producers, chiefly industrial plants
that produce it for their own use. In 1993, coal-fired
generation in this sector totaled about 43 billion
kilowatthours.

Most of the coal used to penerate electricity is burmed
in pulverized-coal-fired boilers. Pulverized-coal firing,
intreduced in the electric utility industry in the early
192(rs, is a major improvement aver other methods of
coal combustion berause it permits the use of larger,
more efficient boilers. Pulverized coal, which is ground
as fine ag flour, is blown into the fumace and ignited
instantly to bum in suspension. The most common
pulverizad-coal boilers are classified as having a “dry
bottom™ becausze the coal ash does not reach fusion
temperature. Ahout 80 percent of the coal ash produced
is carried in the flue gases as fly ash, while only 20
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percent of the ash settles to the bottom of the furnace.
This type of unit operates most efficiently with coals
that have an ash fusion temperature that is shove the
fumace temperature, so that slag {molten ash} does not
form. A “wet bottom furnace” is designed so that ash
fuses to form slag. The coal ash produced consists of
approximately half fly ash and half bottom ash, which
1a dravwn off as slag.

A smaller amount of utlity coal is used in stoker
furmaces, which are supplied with crushed coal on a
moving grate; and i cyclone fumaces, which bumn
crushed coal carried in a whirling stream of air. A few
generating plants use Auidized-bed combustion, a

for buming crushed coal {(often of low
quality) in a bed that behaves like a boiling fluid as
currents of high-velocity air flows through it

Currently, U.S. coalfired power plants preduce about
90 million tons of combustion byproducts in the form
of fly ash, bottom ash, boiler slag, and flue-gas
desnlfurization material. About one-fourth of these
byproducts are nsed in various ways, such as in cement
and roncrete production and as roadbase materials; the
rest is disposed of in surface impoundments, landfills,
and waste piles.

Nearly 500 of the 3,000 power plants in the United
Stabes use coal. In 1993, these coal-bnuning plants were
located in 44 States. Eight of the States relied on coal
for over three-fourths of their generating capability.
Annther 74 States depended on coal for 50 to 75 pervent
of their electricity generation. The five leading Strtes
generating electriclty from coal were Ohlo, Texas,
Pennsylyania, Indfana, and Kentucky. The largest ULS.
coaldired power plants are the Scherer plant (3.3
million kilowatts of surmmer generating capability) and
the Bowen plant (3.2 million kilowatts} of Georgia
Power Company; the Gibson plant (3.1 million kilo-
watts) of PSI Energy, Inc., in Indiana; and the Monroe
plant (3.0 million kilowatts) of Detroit Edison
Company, in Michigan. Each of these power plants can
generate enough electricity for a city with a population
of over 1 million. Large power plants consume coal at
rates of more than 20,000 tons per day, the amount of
coal held by about 200 railroad cars. Some power plants
are minemouth plants, constructed near one or moze
mines that provide a convenient source of coal. In
general, each ton of coal consumed at a power plant
generates about 2,000 kilowatt hours of electricity. A
pound of coal supplies enough electricity to Iight ten
10-watt bulbs for about an hour.

Another uge of coal is to make coke for the iron and
steel indupstry, foundries, and other induskries. The
pregence of large domestic deposits of coking coal, or
meealburgical coal, played an important role in the
development of the ULS. iron and steel industry. Coke
is used chiefly to smelt iron ore and other iron-bearing
materials in blast furnaces, acting both as a source of
heat and as a chemical reducing apent, to produce pig
iron, or hot metal (Figure 13). About 1,100 pounds of
coke are consumed for every ton of pig irom produced.
Foundries use coke as 2 source of heat for producing
metal castings. Other mdustrial uses of coke include the
smelting of phosphate rock to produce elemental phos-
phorcus and the production of caleium carbide. Small
sizes of coke, termed breeze, are used ag fuel in
sintering finely sized particlez of iron ore and other
iron-bearing matetial (0 preduce an agglomerate that
can be used in a blast fumace.

Eigure 13. Using Coke in a Blast Furnace to
Make Iron

Cofe, fron ore, and imestone are fad into the blasi fumaca.
widch ums continously. Hot air blown indo the furnace bums
the coke, whith senves a3 a sowwe of Desd and an oxygen
reviucing egent fo produce metalic ron. Limesione acls as a
flux and alze combingg with mpuritiss lo form slag.

Source: Amarican Iran and Steal Instituts,
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Coke is made by baking a blend of sefected bituminous consisting of 9% percent scrap iron and recycled steel
coals {called metallurgical coal or coking coal) in special and 1 percent iron pellets. (The steel industry has pot
high-temperatite ovens without contact with air untl used the open-hearth furnace since 1991} The subst-
almost all of the volatile matier i5 driven off. The tution of other products for steel (such az plastics,
resuliing product, coke, consists principally of carbom. alumium, magresium, and titaninm) has also in-
A ton of coal yields about 1,400 pounds of coke and a directly reduced the need for coke.
vamety of by-products such as crude coal tar, light oils,
and armunonia, which are refined to obtain various Among the recent technological changes that are
chemical preducts (Figure 14). responsible for reducing the use of traditional coke in
blast furnaces is the use of pulverized coal injection, a
) ) process developed in the 1960's by Ammco Steel, By
The coke indusiry was once a major market for coal, using pulverized coal injection, steel companies can
accounting for about arefourth of 115, coal con- reduce the need for ceke by as much as 40 percent, cut
sumption as recently as the late 1950's. Since then, coke. 4 op environmental problems associated with coke
production has fallen dramatically aind its share of total production, and reduce the need for other, more costly
coal consumption cutrently is about 4 perrent because  gyppjemental blast fumace fuels, such as natural gas.
of a decline in the U5, iron and steel mdu_sl:qr, the Pulverized coal, which has the consistency of face pow-
principal consumer of coke. In general, the iron and der, is made from the relatively abundant lower grades
stee] industry now requires less coke because it pro- of coal and blown inte the blast furnace. Granular coal,
duces smalter amounts of raw steel, I"El_‘,i"l.l‘lg on imports similar in size to sugar, is also being fested in blast
of finished and semi-finished steel to bhelp meet its furnaces.
needs, and becanse improved blast-furmnace technology
has reduced the amount of coke needed to produce a At the beginning of 1994, 31 coke plants were in opet-
ton of pig iron. Furthermore, less coke is neaded due to ation, less than half the number a decade earlier.
the preater use of certain stegl-making technologies, Although some plants were closed because of the
such as the basic oxygen furmace, which gnables scrap decline in the steel industry, many closings targeted
iron o replace pig iron in some processes, and the alder plants that were shut down because of the high
electric arc furnace, which produces steel from a charge cost of refurbishing them to meet air pollution

Figura 14. Production of Coke and Coal Chemicals
{Approximats Yields per Ton of Ceoal)
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standards, More than half of the active plants are
Jurnace plants, operated by iron and steel companies to
produce coke for their blast furnaces; these plants
account for about 80 percent of the UL5. coke capacity.
The ather coke plants, called nrerchant plants, sell coke
on the open market. Both segments of the coke industry
are faced with the advanced age of many of their coke
ovens and the rising costs of replacing them with
environmentally clean ovens. Indiana and Pennsylvania
are the leading coke-producing States.

Ceal is also used a3 a source of heat in other indusirial,
meanufacturing, and comunercial establishments, as well
as in homes. Most ULS. cement plants bum coza), using
about a ton for each 3.5 tans of cement produced. A
numbwer of cogeneration plants consume coal to produce
steam for generating electricity and for heating.

Since December 1984, lignite has been converted into
pipeline-quality gas at the Great Plains Synfuels Flant,
near Beulsh, Wevth Dakota (Figure 15). The first of its
ype to aperate commercially in the Tinited States, the
plant ronverts an average of 16000 tons of lignite per
day into 142 million cubic feet of pas. In 1987, a coal
gastfication facility began operations et Plaquemine,
Louislana, to produce gas for the cogeneration of steam
and elactricity for the Dow Chemijcal Company. The
plant has a coal processing capacity of 2,400 tons per
day.

Some coal is nsed for ransporlation, but the ameunt is
insignificant. The coal-burning locomotives of the past,
now replaced by more efficdent disselelechic loco-
motives, were once major coal consumers requiring a
coal supply that often exceeded 100 million tong per
year. Today's coal-buming locomotives are used for
bourist atteactions and excursions, altheugh one was in

ar, shorthaul revenue service in Ilinoiz as
recently as 1986, (It is interesting to notz that research
is underway to develop a new generation of coal-fired
lecomobives fusled with coal-oil mixbares, coal-derkved
liguids, or coal ges) A coalfired ship more than &)
years old was ¢ in service on the Great Lakes in
1991, A large coal-fired ship, the Energy independence,
placed in service n 1983, transports coal from eastern
poria to power plants in Muassachusetts. The ship, 665
feet long and with a coal-capacity of abou 26,000 tons,
is the first of its type built in the United States since
1929.

Although primarily a fuel, coal has other uses. The
process of converting coal into coke yields by-products
of benzene, coal tars, naphtha, and similar chemicals
that are used to manufacture solvents, vemishes,

Figure 16. Schemstle of Coal Gasitication, Great
Plains Syniuels Plant, Baulah, Marth
Daketa

Lignke  Stsam
~  F o

Impuriies

Methanalion

Synthedic Nalural Gas

“Inciudes ammoria, siifur, kquid nRitrogen. Kryplon, xsnon,
and phenols.

in coal gaaiifcation, the molscular stncture of coal ia broken
dowrt: 10 preduce hydrogan and carbon, which are combined to
form (CHL the maln constiipent of pafural gas, Syndhaile
natiral gas forms when cabon monoxila and carbon dioadds
react with hydrogen in the presence of a nicket calalyst.

Scource: Dakota Gasification Company.

perfumes, medicines, dyes, and plastics. [n the past,
coke planks were a major source of chemicals, but today
their outpust is overshadowed by chemicals produred
from petroleum. Coel is also used to manufachore
diverse products smch as calcium carbide, silicon
catbide, refractory bricks, carbon and graphite
electrodes, adsorbents, carbon black, and fillers. Since
2983, cnal has been used as a raw material at Eastman
Kodak's plant in Kingsport, Tennessee, to manufacture
acetic anhydride, which is used in making photographic
fim base, acetate yarns, and other plastic-based
materials. Montan wax is extracted from certain ligriites
at Iene, in northern California, for use in polishes,
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waxes, carbon paper, phonograph records, inks, coal-
ings, and electrical insulating materials. Resin recevered
from coal in Utah is used in making adhesives, rubber,
varmnish, enamel, paint, cozting, thermoplastics, and k.
Oxidized lignite, or lecnardite, from North Dakola has
been used in oil-drilling mud, in water reatment, in
certain wood stains, and as soil conditioners. Activated
carben is manufactured from lignite in Marshall, Texas.
Some of the ash from coal-fired power plants is used in
manufacturing concrete and cinder blocks, in con-
structing roads, and ir reclaiming surface-mined areas.

Coal and Coke Trade

Coal exports comprise a small but important market for
U.5. coal production. The Jevel of coal exports, con-
sisting of nearly all Appalachian bituminous coal, is
influenced by a number of factors, such as changes in
the economic conditions in the roal-importing countries,
coal-miners” strikes in the United States and other coal-
exporting countries, and price competition, as weil as
changes in the internatbonal exchange rate of the 115,
dollar, which determines the price foreign conswmers
pay for L1.5. coal.

US. ¢oal is currently exported to more than 20 coun-
tries (Figure 16} The United States was the world's
leading coal exporter until 1984, when Australia gained
firs¢ place. Annual US coal exports, valued at §3
billicn to %6 billion from 1980 through 1993, are
a significant contributicn to the Mation's balance of
trade.

Since 1960, an average of 1 gut of every 10 tons of coal
mined has been exported. The amount has

widely, from 36 million tons in 1961 to a record 113
million tons in 1981 and totaled 75 million tons in 1993.
The 1993 coal exports were the lowest since 1979, a
decline generally attributed to a combination of adverse
factors: a slump in the world economy, a strike by the
United Mine Wortkers of America, a slowdaown of batge
shipments due to flooding in the Midwest, and price
competition from foreign coal producers. Although coal
was exporied in 1993 from 15 States, West Virginda,
Virginia, and Kenhecky predominated, together ac-
counting for three-fourths of the total.

Metallurgical coal, or coking coal, is the mainstay of
U5, coal exports, accounting for 67 percent of the 1993
total. Howaever, exports of bituminous steam coal have
expanded because many foreign electric power plants,
cement plants, and other industries convested from oil
to woal when oil prices rose in the 197(s.

Canada, historically, has been the principal export
market for 11.5. coal, including some anthracite for use
in a smelting process to produce paint pigments.
Western Europe became a major market for U.S. coal
following World War II, especially for metallurgical
coal, with the largest tonnages currently shipped to
Italy, Belgium and Luxembeourg, and the Netherlands.
Japan has been predominant as a matket for metal-
lurgical coal since 1967. Brazil s the largest South
American importer of U.S. mefallurgical coal.

About hatf of the total 1.5, coal exported is shipped
from the Norfolk, Virginia, customs district. Other large
coal-exporting customs districts are New Orleans,
Louisiana; Cleveland, Ohio; Baltimore, Maryland; and
Mgbile, Alabama.

Channe] depths at most U.5. coal-foading terminals
limit the wvessel size to less than 100,000 deadweight
tons. When a large collier (more than 100,000 dead-
weight tons) cannot be fully loaded because of channel-
depth restrictions, it is sometimes loaded by a two
stage “top-off” operation. With this technique, the ship
is partially loaded at the port and then sails to deeper
waters whete it is topped-oif to full capacity with coal
from a self-unloading barge. However, vessels using
the Panama Canal are Umited in size & 65000 dead-
weight toms and are often described as “Fanama”
ships. "Capesize”™ ships are ocemngoing vessels too large
for the Panama Canal that must tavel routes around
the capes of Africa or South America.

Coal imports, contragted with coal exports, are rela-
tively inslgnificant. In 1993, the 7 milllon tons of
bituminous coal imported were valued at about $219
millien. The coal was imported chiefly fromn Colombia,
Venezuela, amd Canada. Ceal Imported {rom Canada
was used primarily to meet the needs of 1.5 areas not
casily supplied by domestic sources. The coal imported
from the other counitles was delivered (o eleciric
power plants in the Southeast at prices below those of
competing 11.5. ceal. Imported coal typlcally has a low
sulfur content and is sometimes blended with high-
sulfur domestic coal t» enable the latier to meet air-
quality emdssion standaxds,

1.5, coke exports have been small and chiefly to Cane
ada. Coke exports totaled 0.8 million tons in 1993. Coke
imports over the past two decades fypically have been
less than 1 million tons, although larger amounts have
been imported when needed to offset a shortfall in the
domestic supply. Coke imports in 1993 amounted to 1.5
millien tons, mostly from Japan Some coke was im-
ported from Canada for use by nonferrous industries in
the West.
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Figura 18. BMajor Destinations of U.S. Coal Exports and Shipments fram Selected U.S. Coal-
Exporting Customs Districts, 1893
{Milian Short Tong)

In 1933, a lolal of 75 miflfon shod fons of U5, cord was expontad do mone than 30 counties. Mo than half of the coal was

shipped from Norfolk, Virgini,

Sourca: Enargy fomation Administretion, Quarterly Coal Repord Qefober-Docambar 1393, DOEEIA-TH 21{93/40)

(Washington, DC, May 1994),

Coal and the Environment

Coal has played an important role in the advancement
of civilization, bitt jts use has sometimes been accom-
penied by environmental penalties, due partly to the
mining process aped partly to the compaosition of coal
itgelf, Because of this, a number of laws have been
enacted to protect the environment

Coal mining, like all other mining, has a direct Enpact
o the environment. Most visible are surface-mined
areas, althouph proper reclamation can restore the land
for other uses after mining. The Surface Mining Control
and Reclamation Act of 1977, which was extended and
amended by the Abandoned Mine Reclamation Act of
1930, requires surface mine cperators to maintin

certain eovironmental standards during mining and
mclamation. The Act also requires operators of
underground mines te take measures to control land
subsidence, which can have a severe Impact on roads,
water and gas pipelinas, buildings, and water-bearing
straka. Although subsidence can occur during under-
ground mining, as when longwall methods are
employed, it poses a potential threat many years after
a room-and mine has been abandoned because
the pillars left to support the overlying skrata can
deteriorate and collapse. To help pay the <osts of
reclaiming land and water resources affected by past
mining operations, e Act imposes fees on coul
production at both surface and underground mines.
Companies pay 35 cents per fon of coal mined by
surface methods, 15 cents per ton mined underground,
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and 10 cents per ton of lignite. (These fees were
extended through the year 2004 by the Energy Policy
Act of 1992) The 1977 Act also provides funds to
control fires in abandoned undergreund mines. Such
fires can trave] long distances, fueled by coal renaining
in the abandened workings, and endanger life and
property in communities sitwated above the bumning
area.

Waste piles from mining arnd coal preparation and from
coal-fired power plants can also create environmental
problems. They are regulated by the Rasource Conser-
vation and Recovery Act of 1975, the principal law
governing the disposal of solid wastes. However, much
of the material piled up during surface mining is used
during reclamation, when soil and other materials are
replaced to reflect natural conditions.

The impact of mining and coal preparation on water
quality is controlled by the Federal Water Pollution
Contro] Act of 1972, which has been incorporated into
the Clzan Water Act of 1977 and its amendments, One
of the environmental consequences of coal mining is
acid mine drainage, which contains sulfuric acid
produced when pyrite and cther iron sulfides react
with air and water. The acid water increases the solu-
bility of toxic heavy metals, such as argenic, lead, and
mezcury, and renders the water toxic to aquatic life and
unfit for domestic and municipal use. Acid mine drain-
age can be reduced by a variety of methods, such as
adding alkaline minerels to newtralize the acidity,
sealing abandoned wnderground mines, controlling
drainege, and constructing wetlawls with cattails,
mosses, and other plants to clean the mine water,

When coal is burned, the sulfur in it is converted
mostly inte sulfur dioxide. In addibion, nitrogen oxides
are produced from nitragen in e coal and the air used
in combustion, and ash is produced from incombustible
material. In the atmosphere, sulfur dioxide and nitro-
gen oxides are converted to sulfuric and nitric acids,
which can react with rain or snow to produce acid rain.
Most of the ash produced at coal-fired powered plants
is in the form of powder-like particulates called “fly
ash,” which are carried in the flue gas. Fly ash is
composed mainty of silica and alumina, and may con-
tain potentally hazardous trace elements. The
remaining ash is bottom ash, or boiler slag, which is
collected at the bottorn of the boiler or fumace.

Sulfur dioxide emissions are usvally controlled by the
technique of “flue gas desulfurization,” generally with
the use of “wet scrubbers.” These spray the flue pas
with a mixture of water and ime or limestone, which
combines with sulfur diodde to form a shedge. With

the less common “dry scrubbers,” a similar spray
produces a dry residue. The level of nitregen oxides
emissions usually is controlled by reducing the amount
of air used durng combustion and by lowering com-
bustion temperafures. Parbiculates can be removed from
flue gas by mechanical devices, but elecirastatic
precipitators and baghcouses are more efficient. With
electrostatic precipitators, the most common device in
power plants, the particulates are electrically charged
and coilected on metal plates. In baghouses, powerful
fans draw the flue gases through an array of fabric
filters that trap the particulates.

To mmaintain air quality, emission levels for sulfur
dicxide, nitrogen oxides, and particulates have been
established by the New Soutce Performance Standards
of the Clean Air Act of 1970 and its amendments. Elec-
tric utilites and other industrial coal consumers built
before 1971 are subject ta emission controls set by the
States and approved by the Environmental Protecticn
Agency. Those built after 1971 must meet the following
Pederal Lmits, in pounds per million Btu: sulfur
dioxide, 1.2; nitrogen oxides, 0.7; particulates, 0.1.
Electric gerrerating units constructed or modified after
September 1978 are subject to the more stringent
standards of the Revised New Source Petrformance
Standards. These are based on the level of umcombrolled
emissions and defined in terms of percentage reduc-
tions. A4 minimum of 70 percent reduction is required
for coal with a lew-sulfur content, and a 20 percent
reduction for coal with a high-sulfur content. The
emission rate for sulfur dioxide under the new stand-
ards range from 0.6 10 1.2 pounds per million BR. For
nitrogen uxides, the standards range from 0.5 @ 0.5
pound per million Btu, depending on the rank of coal
bumed and the method of combustion. The limit for
particulates is §.03 pound per millicn Efu. The emissicn
standards for industrial boilers constructed or modified
after June 1986 are similar ko those for eleciric gener-
abtng unifs.

In Movember 199, the Clean Air Act was amended o
strengthen the Mational commitment to improve air
quality. The new legislation establishes as a goal for the
vear 2000 & reduction in annual svifur dicxide emis-
siens of at least 10 million tons from the 1950 level
Total sulfur dioxide emissions from all power plants
will be limited to 8.9 million tons annually. The
reduction will be in two phasas. In Phase I (January 1,
1995, through 1999), the 110 larpest sulfnr-emitting
power plants will be allowed to emit an average of L5
pounds of sulfur dioxide per million Btu of heat input.
In Phase 11, beginning in 2000, these plants and almost
all others will be required to reduce sulfur dioxide
eimisslons to 1.2 pounds per million Btu.
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Naar Colairlp, Montana, mined land has bean reclalmed for Bvestock grazing as mining conlinues in the background,

One of the major breakthroughs in the 1990 Clean Adr
Act is a permit program for power plants that release
pollutants mto the air. The Environanental Protection
Agency issues annual allowances te power plants, with
each allowance permitting 1 ton of sulfur dioxide to be
released from the smokestack. Planks may release only
az much sulbur dioxide as their allowances cover. If 2
plant expects to release more sulfur diexide than it has
allowances, it has to get more allowances. It can buy
them from another power plant that has reduced its
sulfur digxide emissions, due perhaps to swilching to
low-gulfur fuel or installing scrubbers, and therefore
has allowances to sall or ttade. Allowances can alse ba
bought and sold by “middlemen,” such as brokers, and
can be traded and sold nationwide. The program pro-
vides bonus allowances to power plants for, ameng
other things, mstalling clean ccal technology that
reduces sulfur dioxide emissions, using renewable
energy sources, O encouraging energy conservabion by
cugkormners. The new legislation also requires a reduction
aof nitrogen oxides by 2 million tons. EPA will establish
new limits §or emizsions of nitrogen oxides. All power
plants under the program will have to nstall con-
tiruous emission monitoring systems to keep track of
the amount of sulfur dioxide and nifrogen oxides
released into the atmosphere.

Since passage of the Clean Air Act in 197A), billlons of
dollars have been spent by the Nation's utilities to
reduce emissions of sulfur dicxide. Becanse of this huge
investment, the Nation's air iz cleaner today than it was

about two decades ago. Emissions of sulfur oxides
{eomprised principally of sulfur dioxide} from all coal-
buming sources are regpongible for about three-fourths
of total sulfur oxide amizsions. However, between 1570
and 1992, coal-generated emissions have fallen by about
11 pereent even though coal consumption increased by
A percent. The dedine reflects not only a greater
number of plants mesting air quality standards through
an increased use of scrubbers, but alse a drop in the
average sulfur content of coal bumed.

Also of environmental concern are emissions of carban
dioxide From coal combustion and of methane from
coal mines, although controls on the emission of these
gases from the use of coal and other fossi! fuels have
not been imposed. Both carbon dioxide and methane
are mazjor greenhouse gases and may contribute o
global warming.

The amount of carbon dioxide emitted when coal is
bumed varies widely, depending on the ramk of coal
and the State in which it is produced. Petential carbon
dioxide emissions from the combustion of bituptinous
coal, the leading rank of coal corsumed, average 205
pounds per million Btu, but range from 201 to 212
pounds per million Btu. By comparison, the average for
subbituminous coal, the second leading rank of coal
consimmed, is 212 pounds per million Btu, while it
ranges from 207 to 214 pounds per million Btu. The
emission factor averages 216 pounds per million Btu for
lignite and 227 pounde per millien Bru for anthracite.
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Estimates of carbon dioxide emissions hom coal
combustion must take into account the “mix” of coals
received from various sources. A voluntary program for
companies to report reductions in gas emissions to the
Energy Information Administration was among the
provisions of the Energy Policy Act of 1992, The Act
addresses many energy-related issues, including the
attainment of higher enerpy efficiency standards and
the environmentally sound use of fossil fuels.

Methane emissions accur mostly during production in
underground mines. Bituminous coal generally emits
more methane than the iwer rank coals such as lignite.
The amount of methane contamed in a coalbed
increases with depth. Small amounts of methane can
alsa be released when coal is fransporfed and when it
is pulverized for combustion.

Coal Outlook

The Mation's abundant coal reserves are expected to
continue as an important source of energy in the
foresesable future. Annual coal produckion i projected
be rermain around 1 billion tens inko the next century.
Nearly 90 percent of thiz is projected to be for domestic
censumption, principally to generate electricity. The rest
af the output is expected to be exported.

Research and development are underway to make coal
a mere competitive and cleaner-buming fuel, as well as
a greater source of chemicals. All parts of the “coal
chain™ are being investigated, from mine to consumer.
Both Federal and State pollution control regulations are
giving impetus to the coal industry’s effort to produce
a cleaner, more efficiant fuel.

Computer-assisted mining systems under development
have the potental te advance mining technology
through aufomation, rebotics, and networking pro-
grams that can monitor 2 variety of mining activities,
tesulting in improved health, safety, productivity,
reliability, and eromomy. Equally important are stndies
concerned with the human factors invelved in coal
mining.

Altheugh mining disrupts the land for a period of time,
considerable propress has been made in reclaiming
mined land. This includes the restoration of the land
surface, the rehabilitation of soil materials, and revege-
tation. The goal of reclamabion is ko restore the mined
land to its original use or enable it ko be puk fo another
use.

Advanced coal preparation, geared to improving cur-
rent state-of-the-art techniques, could remove as much
as 90 percent of the sulfur and ash from the coal,
improving its burning and enviroranental qualities. This
can be accomplishad by using sophisticated physical,
chemical, and bisiogical methods to clean finely ground
coal. The ramaoval of subfur not agsociated with mingral
impurities and of alkali metal impurities in western
coals are challenging goals, becanse thege elements are
generally bonded to the organic coal matrix, requiring
the uge of chemical ts. Innovabive approaches to
future coal preparation could include nge of microwave
and microhial and enzymatic techriques.

DErying techniques are being developed &s lower the
moishire content in western coals (30 percent is not

uncommon). When dried, low-rank coals typically
crumble and become very dusty. New drying methods
will produce solid pellets of coal that have about two-
thirds less moisture and about one-third more heating
value. This dried coal can be blended with raw sub-
bituminous ceal or lignite to raise the overall heating
value, or with high-sulfur coal to reduce suliur emis-
sloms.

Traditional coal-burning meethods will continue to be
used for many years. However, ¢lean coal technology
—a term that entered the energy vocabulary in the
1980°¢s—oflers the potential for a cleaner environment
and lower power costs. Included ape more effective pre-
eombugtion coal-cleaning processes, such as methods
for keeping sulfur and nitrogen pollutants inside the
furnace and scrubber systems capalrle of removing pol-
lutants in the form of dry solid waste, reducing the
digposal problems created by wet cludge. Some clean
coal technologie: depart from conventional coal
buming methods in that the coal is converted intea gas
or liquid thak is uged as fuel.

Advanced pulverized coal technologies can take pul-
verized coal combustion-—the most widely accepted
kechnolegy fer coal-fired power generation—one step
further, by refining the process to gain major improve-
ments. Inchuded are low emiseion botler systems, which
incorporate emiseion controls at the outzet of design
and development imstead of adding them to a com-
pleted gystem, and cogeneration, which produces both
steam and power for power generation and alse heat
for process and space heating, and can result In
improvernent in plant efficiency of over 70 percent.

Coal gasificaion, an old technology that is being
modemized, converts coal into a gaseous prodect by
heating it with stearn and oxygen or air. The gas
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FPristine coal samples are used by researchers Investipating
cleaner amd more efficlant coal use,

produced can be cleaned and used as a huel or pro-
cessed further 0 produce synthesis ges. Synthesis gas
{mostly carbon monexide and hydrogen) can be con-
verted to a substitute for natural gas, chemicals, or
liquid fuel. The amount of gas that can be produced
from a tor of bituminous ¢oal depends on the tech-
nology vsed and ranges from about 15,000 cubic feet of
high-Btu gas {about 1,000 Btu par curhic faot) to 75,000
cubic fect of low-Bhu gas (up to 200 Btu per cubic Foot).
In 1993, three conl gasification plants wers in com-
mercial operabion in the United States. The Great Plains
Synfuels Plant, near Bewlah, North Dakoia, operated by
the Dakota Gasification Company to convert igniks into
pipeline-quality gas, obtalning chemical byproducts as
part of the process. Tennessee Bastman Company’s coal
gasification plant in Kingsport, Tennesses, converted
biturninous coal into chemicals. At Plaquemine, Lowuis-
tana, subbituminows coal was converted by Louisiana
Gasification Technology into gas for use in generating
electricity and supetheated steam for an adjacent dhem-
ical complex.

Coal gasification also has potential in development of
fuel cells, which generate elechricity from the reaction
of hydrogen and oxygen. Currently, most fual cells
approaching commercialization are fueled with natural
gas.Becausehydmgmus produced in coal gasification,

coal gasifiers could be integrated into future fuel cell
technologies to provide a new approach to power
gmeratu:m

The tesearch and development of “mild gasification” is
aimed at prnmmg coat ynder lower beynperabures and
pressures than in a typical coal gasification process.
This leads to the production of liquids and solids that
can be upgraded into high-valve industrial raw
material and chemical feedstock, in addition to gas,
which can be uged to provide heat for the process.

Undergroumd coal gasification is the technology of
converting coal to gas without mining. Wells are drilled
into a coalbed, which is ignited and encouraged to
burn, The bumning coal generates combustible gases that
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can be collected at the surface for use as fel or as
feedstock for producing chemicals, such as ammonia
and wurea, The Federal Government has sponsored
undergrounyd gasification tests In Wyoming, West
Virginia, and Washington.

Coulbad methane, a danger to mining, i a potentially
important sourve of enargy. It is curtently produced in
some States (principally Alabama, New Mexico, and
Wyoming) to supplement the supply of natural gas,
which is romposed largely of methane; its potential is
being evaluated in other Stakes. Methane can he
produced from unmined beds or in advance of mining
a coalbed. Degasihication of a coalbed not only supplies
a useful product, but also provides a safely measure
because it reduces the amount of methane released into
the working areas of a mine.

Coal liquefaction, another old technaology, converts caal
into liquid fuels by three techniques: indivect, direct,
and pyrolysis. With an indirect process, coal is firgt
gasified, and then the coal-derived synthesls gas s
converted into a variety of liquid fuels, such a3
methanel, gasoline, diesel fuel, and octane enhancera.
The bestknown indirect coal liquefaction facilities are
operated in South Africs by South African Ceal, Ol
and Gas Corporation, Lid. (3ASOL), which produces a
range of lquid fuels including gasoline, diese] ofl, and
jet fuel. With a direct coal liquefacton process, finely
ground coal in a solvent is mixed with hydrogen and
heated to a high temperature under high pressute to
produce “synthetic crude oll.” This can be upgraded
into higher quality fuels by further processing with
existing petroleum-refining techniques. With pyrolysis,
dry cocal is subjected to high femperatures in a
chemically reducing atmosphere to produce a heavy
synthetk: crude oil, which can be refined, and char, a
solid residue that can be used as a fuel. Depending on
the process used, a ton of bituminous ccal can be
converted into 0.5 to 3 barrels (21 to 126 gallons) of

fiquid Fuel

Solvent-refined coal processes praduce a low-ash, low-
suifur fuel from coal high in both ash and sulfur by
dissolving pulverized coal in a solvent. The final jorm
of the fuel, whether a liquid or a solid, is determined
by the process used.

Mixbures of finely ground coal and oil or water can be
substituted for Fuel oil in oil-buming facilities, They
have the advantage of being transported, stored, and
bumed in a manmer similar to fue! oil. By weight, coal
constitutes 40 to 50 percent of coaloil mixtures and
about 70 percent of coal-water mixtures; some
chemicals are added to the mixtures to prevent the coal

particles Brom setiling out in storage. The technology
for producing eoal-liquid mixtures has been broadened
to include methanol and solvent-refined coal. The idea
of using coal-oil mixkires is not new. They were tested
in the 1930°s az an oil substitute for ships in frang-
Atlantic service, and in the 1950's they ware evaluated
as fuel for blast furnaces. The potential of using coal-
water mixtures was first demorwirated at a U5, power
plant in 1961, More recently, mixtures of coal and
recycled paper have beem tested on 2 sinall scale for use
s fuel

Birect roal-fired heat engines represent anather aspect
of clean coal techmologies. They include direct coal-fired
gaz turhines, which involve the use of both a coal-water
slurry and dry pulverized coal, and direct coal-fired
diesels, which involve the development of diegel
engines that will bum a coal-water sluny rather than
distillate petroleum fuels.

Fluidized-bed combustion, a technology dating back to
the early 1920's, is well-suited for burning high-sulfur
and low-quality coals in an environmentally acceptable
manner, It has become commercially competitive for
Jarpe industrial applications and is cuarrently used to
generate electricity. With this technology, crushed coal
is burned on a bot hubutent bed of lmestone or
dolomite, which absorbs most of the sulfur diodde
produced. As a result, the need for flue gas desulfur-
ization units is eliminated. Only a small amount of
nitrogen oxides is produced because of relatively low
combustion temperatures. The fluidized-bed units in
operaticn burn coal under normal atmospheric pres-
sures. Advanced units under development-—pressurized
fluidized-hed combustion systems—operate at higher
pressures to achieve greater efficiency.

Formeoke is of potenbal importarce as a blast furnace
fuel. H is made by heating briqueites of finely
puiverized coking coal or other coal, including some
subbituminous coals, that has been carbonized to oblain
a c<har, which is further carbonized to produce
metallurgical coke. Although pulverized ceal is being
used in blast furnaces, replacing some of the coke, &
clean coal technology project entitled “blast fumace
granulated-coal injection system” involves retrofiting
blast fumaces with technology to operate with a variety
of coal particle sires. Also under development is
COREX (Coal/Ore Reduction), a nowvel “cokeless”
ironmaking process in which coal can be substituted for
coke in a spedial furnace to smelt iron ore. It could
replace the conventional two-step coke oven/blast
fumace procedure for producing pig iron, eliminating
the environmental problems associated with coke
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making. Sulfisr in the coal is captured in the by-product
slag.

Magnetchydrodynamic (MHD) conversion ig a patential
method of burning ¢oal cleanly and at high efficieacies
to genarate elackricity. MHD systemns differ from other
advanced coalfired systerne in that coal is buarned at
very high temperaturas to produce ionized combustion
gages that pass through a magnetic feld to create
electricity. Linked with a conventional steam turbine-
generator, comunercial MHDD systems are expacted to
achieve power generzting efficiencies of well ahove 50
percent—more than tme-and-a-half times those of con-
ventional coal-buming power plants.

Asthecnmylexnamnfmalbuomeabettermduh
stood, it could cnce again become importznt as a raw
materal for manufachuring a variety of chemicals.
Many of the organic chemicals made today from
petrolewn were originally by-products of the coke-
maling process. With the development of sophisticated
chemical processes, coal-derived chemicals could pro-
vide the bmldmg blocks for making special products,
such as carbon fibers, composite materdals, and ful-
lerenes (a form of carbon discovered in 1985 that has
possible applications I high-temperature lubricants,
microfilters, more efficient superconcluckors, and gas
adsorbents).

All these and other applied research efforts are being
supplemented by fundamental studies of the atomic

istics of coal. Such work provides the basic information
that enables practical recearch to succeed.

The 1.5 of Energy (DOH) i5 investing in a
Clean Cosl Technology (CCT) Demonstration Program,
a govemment-industry co-funded effort to develop new
technology with the duoal prais of attaining environ-
mental quality and energy security from coal. The CCT
program, which started in 1986, is confined to per.
ferting the early stages of long-term, high-risk research
that industry is reluctant to pursue. At the end of 1993,
the program compriced 45 demonstrabion projects either
underway or completed in 21 States, represemting
neasly $2.5 billion in Federal ing and more than $4
billion in cost-sharing from private and Stabk: sources.
DOE also furels coal projects at ULS, colleges and univ-
ersities. Sinee 1979, DOE's University Coal Research
Program has provided $76 million for fundamental
studies of coal and conl-related topics.

Looking ahead, there is little doubt that the United
States has the resources o remain self sufficient in coal
well inko the st century. The Nation has enormous
coal reserves, a well coal induskry, and
advencing coal technologies. The US. coal industry
continues to adjust to changss in econpmic conditions,

actions, and envirorunental constraints
that mfhuence the production and use of coal. As a
producer of an important source of energy, the coal
inclustry will contitwse to directly or indirectly touch on

and melecular structure, composibon, sl character almost every phase of our daily Lives.
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Figure 17. Selected Developments in the History of U.S. Coal Since 1880
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Flgure 18. Estimates of Recovarabla Coal Reserves by BitwSulfur Ranges and Region,

January 1, 1962
(Bithor Short Tons)

Sulfur Cantant
(Poundg par Ml hen Bld)

[[]- = 1.8 (High Sulfur)
[[]-  ©.61-1.67 (Medium Suttur)
[[]- < 050 (Low Sulfur)

61.2

22,6 7.3
4B.7

Appelachian Weslamn

Sourge: Energy Infarmation Adminlslration, U.8. Coal Rezerves: An Update by Heal and Suifur Contend, DOE/EIA-0B20{02)
{Washington, DC, February 1003),
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Table 8. U.S. Deamonsirated Resaerva Base of Coal by Potential Mining Method and Ranked by State Total,
January 1, 1953

{Million Short Tons)

State Undergesiand Surfacs Toral
iMotama .., .. L. L850 40,872 119870
2neks . ... e 62,638 15369 78,007
AWhomIng ... 42,535 23,554 69,050
4 WestVirginBr ......... ... 00 31,819 467 36,438
5 POrmsyvama ..vevinan i iesass 24,502 4,510 29,071
6 Kemtusdoy .. ... i 2517 8,287 78,084
FOME. i r b s e 17,6088 5,951 £3,89%
Acelorads ... ... e 12,108 4,817 15,025
b2 £ S a 13,188 13,188
0 Indiand ... .. oo ve v ie i e, 8,885 1,188 10071
1 MorhDakela .. ... ooiiovmnenn- 0 8,550 9,550
12 Mlaska ... e 5423 Fa b &134
dUmh_ .- 5. ¥ 268 & 047
B 1 . T 5 1479 4,518 5,853
12 Mabama .. .. ... e e 1 422 3,208 478
16 Hewr Maxdd & ..o s ovn e vhonnns 2121 2278 4,333
T MIginda, . L 1,147 Tan 2487
18 oA, e i 1.733 A57 2180
19 OkRhoma . .. cove e ci i e s e 1,238 M7 1,604
20 Waehinglon .........i.iiean... 1,952 80 5,412
21 KBIBE « oo cuvanr e vtanvinmannns 0 i ] 76
20 TAMMNBIEEE | . ... niiiinaan 551 M 842
T Marlend ... ... .. ......... GED B i
24 Lowkslana ... ... cchiiannan - Q 450 440
25 Afeamsas .. ... e 273 145 nrF
25 Zouth Dalam e a s e eEaas Q 285 <[ 3
2T PNZONE ... iea e Lil= 119 230
28 Michigan .., P . 123 ] 123
20 Oregon ... ...... .. e 18 3 18
a0 Morh Caroling ... 1 [ 1
Al daho ... i ei e 4 1] 4
b A1 - 2 a 4
LIS Total ......covvnrvacrrnnnrees 218,926 158,127 474,055

Hota: Totals may not squet sum of componenls because of indepandant mundlng.
Sourco; Enargy Information Adminsietion, Coaf Aroduetion 1982, DOEFELA-O1 18{B2) (Washington, 0G, Oclober 1083},

Table 9. Estimatss of U.S. Recoverable Coal Resarves by Bhu/Sulfur Content and Region, 1932
{Million Short Tong Ramalning ag of January 1, 1992}

Sulfor Content
{pourwis par milion Bhu)
5D 061-1.67 z1.60
Aegian (i st {rmadiam sulir) {high sulfur) Toinl
Appatachian ... .. ... ... 122m 20,237 2,558 55,0806
11 =1 1 548 11,870 48893 #1214
Westem ... .. s i rei s s re s e a2z 200 B854 148,386
OS5 Total ... oo ... Sidmeman e 100,174 84,305 BD, 206 264,682

Mota: Totals may not oqual sum of componants dus 13 Indapendant rundng. Bl = Britsh themnal cindt
Scurca: Enengy Information Administration, (LS. Coal Resanes: An Updale by Heat and Sulfur Content, DOEEIA-DSZB[S2) {\Washingion,
OC, Fabnmry 1903).
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Figura 13. Reglonal Pattarns of U.3. Coal Production, 1923

Production (Frinl: 645 MIExe Shoet Thra) Humber of Mines {Jotak 2,479)
Surlaca: 553 Mo Shrt Tens Surfece: 1279

Updargroond: 351 Millon Short Fons Vndwrground: 1,198

Humber of Miners [Totak: 141,322)

Surtacn; 36,710 Vaive of Froduciion {Totak: $12.8 Elilken)

Surincer 303 Blon

g B d

Urcisrgmmnd: 64,804 " Ustrground: $95 Billan

At mines that produced 10,000 or mara =hart tons.
The Appalachian Raglan is the Mabon's principle soirea of coal. In 1853, # accourded for aimost half of the tolal oulpwt, most of
fhe rines snd minses, and more than half of the tola! value of e coal prodiced.

Sourca: Energy Infarmailon Adminisiratlon, Goal indusiy Annual 1983, DOE/EIA-0584{53) (Washinaton, DG, December 1934),
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Figure 20. U.S. Production of Energy by Source,

1880-1993
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Source: Energy Iriormation Administration, Arnual Erergy
Heview 1903, DOE/EIA-0384(83) (Washington, DG, July 1894).

Figure 21. U.5. Consumptlion of Energy by Source,

146014993
100
804
Total
2 o
=
2
g
40+
= Felraledm
. Natural
s Lol ™ Gag
20+ "’ ﬂ-'l-u‘_ )
- Coal
- Muckear
Hvdr(ci‘:uwar. GGaothermal Powar |
and h’,'_r._,.n-.._..w-..rrv-ﬂf-'.::-u
0 sumnapampmakienfir
1060 1976 4980 1980
Year

Source: Energy Information Administration, Armua! Eremy
Review 1533, DOE/EIA-03B4{033 Washington, DC, Juty 1984).
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Figure 22. U.5. Coal Production by State, 1993
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Mote: States wilh no data did not raduce coal,
Source: Energy Informalion Administration, Goal Industry Annual 1923, DODEEIA-0584{33) (Washington, DC, December 1554),
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Figure 23, U.8. CoakProducing Counties in the United States, 1993
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Mole: Thers aré ng counties in Alaska. In 1993, coal was produced fram one mine nzar Healy, south of Fakbanks, in Yukon
River Borough,
Source: Enargy Information Adminletration, Coal Industry Annual 1953, DOE/EIA-0584{03) (Washinglon, DG, December 1994).
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Flyura 24, Average Number of U.5. Coal Miners by Type of Mining, 1943
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Nole: Averags number of miners exciidas mines producing less than 10 000 shoit 100 duing tha year, States with na data
did not produce caal.

Source: Energy Information Adminisiralion, Coal indousiny Annual 1933, DOE/EIA-0584(93) (Washington, DG, Dacember 1954).
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Table 10. U.S. Coal Production and Related Statistics, Selacted Years, 1930, 1985, 1990-1993

Characteristics of Coal Production 19E0 1885 1980 1001 1982 1993
Produstion {mihon stort s

Tolal ......cccv i iiinrnnnninnnns &30 a8 1,029 151 998 S

Mining Mathord
Undamground . . ‘s F38 351 425 a7 47 351
Ty - T 462 ) 505 Tl S8k o4

Region
Appaladdan ... ....... srr e 444 427 485 458 457 4170
Intaficr ... s oa . 176 185 206 i8E 188 167
Westarn ..o L. 205 26 x| 343 A4E 369

Fadarally Administerad Lands
Total . . 2 ] 184 ] e, 7] 267 aps

Fednml Gﬂﬂl Llasa-s ........... 62 159 245 240 239 =8
nan Coal Leases .. .... .. ..., 24 i 5 s 28 25

Coal Rank
Anthraciie .......... .......... -] ] 4 ] ] a4
Biluimious ..o vvnn i innnnannas aze 614 1] 551 651 677
Subbiuminous ... ...l 148 183 244 255 52 75
Lignite . ... ... ¢ .. u--un 47 72 BB B7 a90 a¢

Byvetane Value [dnllam parshnrmn}’-

Total . e - 24.65 29.5% 21.76 2149 21.03 13.55
I.Indirgmurld ................... 33.60 3.6 28.50 2556 27l 26 a7
Burbatsd . ... .. i et 18.78 20.59 1688 16,60 1534 1587

Number of Minea”

L= S a49s9 3,355 2707 2,394 2,196 2,030

Mining Melhod
thdorground ... ... ... ... tanr 1,847 1,805 {402 1,255 1,138 1,024
Sudace ........... ..., 2,082 1,660 1,285 1,129 1,058 =2

RAaglon
Appalachdan .. ... e ana, 5,498 2,953 ¥ d 2,07 1,008 1,741
gL . 337 278 i} &0 158 199
Yyastem ..... e aiEsaarEes 124 LAt 102 e 1] a8

Larpe WMines”

Tolal oo e aa 323 243 375 K anz 3498
Undargradstd v i v 185 gD 1835 175 162
Suiacs ... i 152 157 185 175 173 146
Parcanbann of Prodoction .. ...... B0 BT S I FL Fi

Lengwrall Wining Instaliations .. ...... MA 108 % 93 80 85

Employmant (thousands)?

L 1= T =p 168 31 121 110G {11

raining Mathod
Underground .. ... ..., 151 107 B4 8 i 65
Guace ..., i iiarae s 78 62 47 43 39 ar

Region
Appalachian .. ... ... .. ..., 171 122 25 86 78 71
Inferdor L e i 4 2 | 22 20 0
L= L1 o 18 15 13 13 12 1

Productivity {short bons par miner nour

ol . el 18 27 3.8 4.3 4.4 4.7

Mining Method
Wndergroannd ... ... ... ..., . §.2 1.8 2E aTy 23 30
Budaca ... Az 42 .8 6.4 aa T2

Region
Appatachian .. ... cie e 14 19 ol 27 ag 30
Inbamdior ... ... e 23 248 348 44 q4.2 44
WEEISM ... i ee e in e 5.6 BB 1.8 124 &7 1348

See foomotes al end of tsbie.
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Table 10. U.S. Coal Production and Related Statistics, Selected Years, 1380, 1985, 1990-1993 (Continued)

Characteriatico of Coal Production 1800 1965 1880 1891 1992 1983
Falilltles . ...........c0ciuniiiinns 133 =1} &6 &1 o4 47
Average GCoal QuaNty

Procductian
Haal content (mélon B per shart tan} 224 M4 218 N7 iy ) 214
Litiity Cosl
Haal content (miflon BR per shan tan} 213 21.0 209 20.8 20.8 206
Average Conl Guality
Uiy Cosl
Suliur Candanl
(percantege by walght) . .. ........ 16 14 1.4 1.3 13 12
Ash Content
(persantege by waighf) . .. ....... . 1A 100 X 5.4 27 a5
Cast Disposition {milkon short tons)
Domastc Consumptian
Tobal .. e 70 818 B4h a8s 5az 926
Eloctric UikBas | . Seg 66q bEL e b a4
E:poﬂs g2 53 108 105 103 75
Cument dellars,

"annual production over 10,000 short fons each.

Shnnual producion aver SH0L000 ahort ke asch,

A4t mines Hat produced sver 10,000 short fons par year.

MA = Not avaliable.

Mole: Totals ey not agual the sutm of eompenents beeguse of indepandent munding,

Sourcas; Ensrgy Information Admieistration, Coal brfusly Arvual 1293, DOEEIA-DS84(83) (Washington, DC, Decernbar 1584); Coaf
Production, DOEEIA-D118, varous lssues; Quarerty Coaf Report, ROREIA-M21, vadous [ssues; Costand Qually of Fusls or Eeciis Uiy
Plants, DOE/ELA-0184, vardous ksues; UB. Dapartment of the Interdar, Minaral Revantes 1943, Raport on Recaipls fom Fader! and bedan
Léaces and prigr itsuss; and U.S. Daparimend of Laber, Mine Sataty and Heath Adminlgtretion, ijuy Expensnce in Coal Mining, varous
annua Bseues; annual longwal cansus made by Coal magazine, and pradecessor Gosf Minkg and Processing.
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Figure 25. U.5. Coal Production by Rank, 1970-1993
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Bilominows coal is the major rank of coal mined it the United Statas, but fower-rank coals ams bacoming morg imporfant wils
anthraclte Iz ceglinimg.

Sourge; Energy Information Administration, Anmus! Enargy Reviaw 1293, DOEELAD284{93) (Washington, BC, July 1994); and
Coal Industry Annusf 1993, DOE/EIA-0584(93) (Washington, DG, December 1984).
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Tabla 11. U.5. Coal Production by Coal-Froducing Region and State, Selectad Years, 1970, 1980, 1950-1993

{Thousand Short Tons)
Ceal-Producing Reglon
and Stakn 1497 1380 12980 101 1902 1953
Appalschisn Tots . ...v v vavevrss 427,669 449,314 458,983 457,808 Ll 1o 103,718
Aabama ... i iiiiiiaeas 20,5684 25,403 28,030 27,200 25,196 24,76
Quonglts . e e o 3 0 L 0 o
Kenlucky, Englam ............ 72,458 108,185 128,396 117220 118,380 120191
Mardand ...l 1615 3,780 d487 arva 31 3,355
L |1 85,351 3,394 252 B0, 0584 S0405 Ny 1)
Penneyivaria Tota ............ 00,220 #3125 70,514 65,31 508,981 59,700
ANMITACIE . ovrvvnirernns.as 9720 B056 3,506 3445 3483 4,308
Blundos . oo ia e go0.491 i) 57,008 61,836 65495 56,394
TOBIBE .. i ar s e |.23r 3,850 5,193 4,280 5476 o047
Viginla ..o 35016 41,008 46,017 1,664 43,024 517
West VIinka .. .. urainirans 144,072 121,584 168,205 167,352 162,54 130,585
Inelor Toke] o...... cheamanaa. 148,845 176,208 205,571 135,418 195,853 187,174
AIBNERS . ..o ciiiriinnea e 260 ] 1) ) L) 5B 34
Mg ..o r e e 65,119 62,523 60,303 en,258 58,857 41,008
Inddama .. .................. 23283 a0.873 a5 a0y 31,360 30,455 29,285
[+ R Ba7 5] a1 344 269 115
Kemsga ...... bemmaees 1837 a4z 21 416 b | 341
Kendusky, Wastam . ... ..., 52,807 40,958 24,905 41,780 41,888 38,108
Lautsiang , . ....... - o ] 9,185 3,151 3,249 3,154
Mhawﬂlrl-! FAF+RF + "4+ '4!'44? Els'm' El“"7 Em“ EIBHB‘ '353
Okfahoma s 2427 5358 1,698 1,841 1,741 1,758
TEHS . vurianrnrn o 20,354 55,758 53,825 58,071 54,567
Waalam Tatel -..... raemmas . 35,145 byl 2441 342 758 189 368,532
Aaeka .. ...... ... ....... . 549 ™ 1,708 1456 1,534 1,661
AT o uverinararinsnasna 132 10,905 11,304 13,208 12512 12,11
Collbomks .. ... ............ . 0 [ E1 &7 103 a
COMHBED . ooy rnrrnararnas 6,028 18,845 18,0 17,834 19,225 21,808
'th'lﬂl'ﬂ. " a st st n ammkrtadkh P W mm 3?[&15 a’az’a? mlm 35.9‘17
Mirw Masdos .o vvvenevnnnnnns 7,051 18,425 24,202 o4 5t 24,540 2,260
WorhDakela ............... . L4639 16975 213 23,530 51,744 21,973
1 4,703 13,236 &2,050 21,845 21,330 21,847
Washingden ........oovienn- a7 5,140 &.001 5143 5,251 4,738
T 7,222 94,887 184,249 193,854 190,972 210,12¢
East of tho Misa, River ....... .. 587,788 $M,608 630,218 561,294 $98 525 Ly Ly |
West of the Mlse. Rlver . .. ...... dd,901 251,012 398,558 qu4,600 408,970 429,20%
US Totd .. .vvnnvnriractnses 812,680 028,100 1,026,076 20%.804 SOT.040 545,424

Mok Totals may ol #qual sum of components hacauss of Indepsndant rounding.
Sourcap: 1970: LS. Dapatmert of 1o mntedor, Bureau of Mines, Minarals Yasrbook; 1480-1992; Ensrgy Iniomation Adminisiration, Cosf
Production, OOEEIA-0118, varfous 1asues; and Coal Indusiy Aol 1295, DOEEIA-0584{831 (Washingion, DG, Dacember 1584).
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Table 12, Tetal U.5, Coal Production and Number of Mines by State and Type of Mining, 1993

{Thousand Short Tons)
Linclar grapnd Surfpa Tatal
Coal-Producing
Sigte and Aegion Hurnbor of Mines|  Progduction | Wunber of Mines|  Prodoction Fhumber of Minez|  Production

Alabama .......... 00000 12 15557 73 .21 BS 24,768
Alaska ... ... el iiaa Q 0 1 1,61 1 1,60
AAFOMNE ... .o aeceiaas a o 2 12172 2 12173
Adkansas . 1 2 5 43 -] L
Coloradn ... ..., . 13 12,843 T o043 20 21,886
WA ... .nee i iineeenss 26 33,005 12 8,002 38 41,088
indimne . caewe 5 2583 3| 28713 68 20,206
Iowa .. feeeean - 0 o 2 175 2 176
Karmas ......... a 0 2 31 2 341
Kenbucky, Total . ... ... - 448 92,207 250 Gd. 052 645 156,299

Kentuchky, Eastam 425 1,09 197 43,272 522 150 151

Kenturhy, Wastem . . . 24 20,288 B3 15,820 74 36,108
Louiseng . . - ] o 2 3,154 2 3,134
Mardand ... ... ... 4 2.528 17 827 21 3,355
iMesoun ... ... L. - 0 0 ¥ 053 7 653
Momtans .. . cooei i enn i an 1 10 T 35,807 8 ase7
Maw Medog ... .0 aas 1 TiH 1) 27545 7 28 268
MohiDoleola ... ... .. b 0 a 3,973 g 9,973
Ohla ... .. ..., 3 10,437 128 18379 135 28,516
Oklahoma . .............. 1 -] i6 1,661 17 1,758
Parmsyhvania, Total . . ....... 116 36,534 408 22,780 524 59,000

Anthracate .. .....000- .- L 416 98 2,883 148 4,205

Blummous . ......c00.0. &4 36517 b 18,077 I £5,204
Tennesses . . ............ o 1,896 15 1,151 a7 2,047
TEXAE ... .. aiaiiaieaas ] 0 14 54,557 14 54,567
Lrah . P 15 21,847 1] a 15 21,947
Vignig ............. ..., 181 30,186 7171 9,151 rd 9,217
Washington ....... N ] ] a 4733 a 4,730
Wagt Virginia, Tetal .. ....... 338 a7.097 163 42 B2g S62 130,525

Wortham ............... Fii-! 271 &4 0,663 137 32,802

Southem ..., ... ... 256 60,864 gL 5853 A65 96,723
Wyoriing q 2,136 25 207,892 24 20,129
Appalachian Yatal . ... .. ... 1,108 257,433 1,088 152,285 2,183 409,718
Interor Todal ., ... .. .... 54 58,065 168 111,109 219 167,174
Wasiemn Total ... ......... 34 37,555 - 1] nHoeaT a3 368,532
East of the Miss. River ..... 1,160 313,399 172 22,020 202 14,214
Waat of the Miss, River ... .. 3% 854 107 251,551 143 439 204
UB Total ........._..... 1,196 351,053 1,278 584,371 2ATE 945,424

Mate: Gl prodmiion exchedes gk, culm, raliss hank, gy dam, and dredos oparationz axcapt for Parmeybanks antheacite.  Tolals may
nol equal 2um of components besause of ndependant rounding.
Souwrce: Energy Information Adminlstabion, Coaf industry Armal 1853, DOEEIA-GEE4{I3) (Washington, DO, Decambar 1994),

58 Engrgy Infarmation Administratiory’ Coal Cata: A Rafersnca




Figure 26, U.8. Coal Production by Region and Type of Mining, 1970-1983
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Surdace-minad coal producilon in the Wes!t hag incraasad markedly since 1970, largaly bocause of & rapld rlze in the coal owlput
from the Powder River Basin i rioiheastem Wyorming.

Sourca; 1670«1576; LS, Department of the Inderior, Bureau of Minas, Minarals YearBiook, 1876 and forward: Energy Information
Administratian, Coal Productan, DOEEIA-0118, varcus issues; and Coal industry Annusl 1953, DOE/EIA-D584E3) {Washington,

OC, Decamber 1334).
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Table 13. U.5. Undarground Ceal Production by Coal-Producing Reglon, Siate, and Coalbad Thickneaa, 1993

{Thousand Short Tens)
Caal-Producing Region Less thamn 25-48 48-72 73-05 More than Total

and Stats 25 Inchus Inthas Inches nchen 95 Inchea Produrtan
Appalachlen Tatd .. .. ......... =) 1.4 113,850 105,380 0,003 5538 256,764
Aabama ... ..o 0 5,065 12,459 ] 0 15,544
Kerhicky, Eastom . o0e 45, pg2 21,043 1,885 2,055 71.683
Murdand e eriairaes 0 14 0 2,500 0 2514

L 1 0 4,494 5843 1] 0 10437
Fannsytvania Tolal . ......... 7 6,422 18,273 8,880 207 36,785
Anthrache . ....... .. .. ... 0 L1 138 51 41 250
Bituminous . .. 7 gan 18,135 8,836 166 36,515
Tmn =k Ak - * * * ﬂ 1.?‘92 E" 0 ﬂ 1,&5?
Wingheday ... e ] 17,753 11,240 1,081 L E] 30,008
WastViginia . ..... . . . .. 101 51,669 ar298 15,641 322 87,827
InderiorToml .. ........ . a 3ATT 31,808 17,670 3,018 58,083
MiAcks . . ... e 0 i} 131 16,386 Am9 33,008
Indiana . ....... Wheramarana 0 170 1,108 1,305 a 2,683
Kanhicky, Wastem . .......... 0 3205 17,074 1] 0 20,288
Oddahoma . .. ............... a BB ] 1] 1] 28
Weatarn Totad ... .. ........... 0 353 4o 8,848 ares 37,548
Colovado . ... .... ........ a +) 430 2,054 0,478 12,842
Mentana _. .. meeraas 0 & 0 10 0 10
Mew Mazico ] 1) a ral] ] kal’l
WHah . .. e a 163 a 5,163 16,525 21,841
Wyoming .. . 0 200 0 a 1,335 2,138
Eaal of the BNas. Rfver . ........ 15 117,328 138,248 37,4672 R,A53 312,720
Weat of the Miss. Rivar ......... a 451 410 B,848 27,938 aT,645
e Temal .ouveeeoeinnnnnnas 18 117,780 138,650 86,518 36,492 350,385

Motes: Data for bed thickness and production ara plven as raported on Form ELA-PA and do not necessanly reprasand complata coverags;
they axeluda mines that produced less than 10,000 shatt tons. Total may ot squa sum of componants becausa of independent rounding.
Sourca: Energy Infaimation Adminkstration, Form S4A-7A, “Coal Production Repor.”
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Table 14. U.S. Surface Cosal Production by Ceal-Producing Region, States, and Cealbed Thicknass, 1993

{Thousand Short Tons)

Coal-Producing Raglan Lesa than 25-48 4972 86 Mora fhwn Toin
and State 25 el ncies Inchex Inthaa 88 Inchan Prodoction
Appaloakian Total ... ......... 17,869 T892 32,368 13,752 14594 151,152
flabEma............ 5,265 3255 b | e [+ B, 150
Kenrigky, brasana s 4,235 23498 12,815 4,388 3,567 48110
Mandand ................. LA 484 a 185 & B4
L T 2,096 13,740 o AR5 o o 18,258
Potwiayhvania Toted ..., ... 4178 14,453 2014 €24 804 22182
Anhradlla .. o...nu el 17 1,758 L] bl 7 oira L
Hiluminoarsg . e 4,180 12,705 1,076 L], 3 131 16,487
Tennsesaa . A 108 axr 1 &N o 1,144
wgnra ;] 5019 2,720 B4 o g118
Wast Virginkia . bt 1.108 11,208 12,409 T.236 10,317 42 388
tarlor Totel ... _......rv..n 15,947 K} £2.985 11,14 32,354 111,001
Amus a T (1] o 1] 17
inals . fe e edameaaan [50 3,054 3,080 -1 0 7.598
1m+lol+lggg+--------- uﬁ 12#‘9‘4 T..EIHE. 2.5*‘5 15 Eﬁ.m
fowa . ... i) 158 [ [ G 1E8
Kﬂuuhh.....“..“.. 341 0 1] 1] o 31
Kaatocky, Whistem . .....0. .. 1,250 8,575 4,916 1,064 0 16,802
Loulalans ... erpeecnenn-- a 1] o 3134 1] 31
Mlgsod ... ...l b1 284 0 [ 0 B8
OKIEOME . ov i vwv e rarmnaans 744 a0 1] [ o 1,645
- B &322 Ja 8,127 4,148 32,235 54 587
Westarn Total .. ....ri0reiirs a8 2985 18,087 g132 33662 330,966
Aaska ..,... ... . i0iiaas o 1] 0 0 1,801 1,801
.1 Fia T ¢ 67 1] 1,864 8,454 12473
Gﬂlﬂl‘ﬂ.ﬂfﬂ E N I X I ﬂ‘ 211 1123‘3 Eﬂﬂ ab‘m slm
Monbanm . oo s v irsrenmmne 1] 1] L] 0 A5 807 25207
MowMaxleo . .............. o8 1,723 14,895 2,361 8472 7540
Morth Dakola .. ..oornenrens 1] 1] 2,141 1] 29,825 21,956
llllll d FER+FPFAP u ﬂ? n n 4"443 4.735

Wyoarmlng ... 00en oo 0 1) 758 M 207 55 2N7.4893
Enat of tha Mise, Rbver «oau00.a 25,754 65,319 46,523 19,354 13,600 2 a2
Weat of the Mlaa, River . ....... 10,180 T 26,214 12,414 2359 991,487
u.s-Tml NEENFARARAFIREFLT R ms 1mu Hjm ﬂim “ﬂ.ﬁ‘lﬂ E!al1:u

ifotom: Data for bad thicknass and production ere given ee reported on Form ElA<FA and do not necascarily rapracont complala coverage;
thay excuda mince thet producad 16ss han 10,000 short s, Tobal meay not squal sum of components bacauss of Indapendent rourding.
Source; Energy Information Adminlatration, Form SIA-7A, “Cond Producion Ropor.”
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Table 15. 1.5, Coal Production by Conl-Producing Reglon, State, and Coalbad Thickness, 1993
{Thousand Short Tons)

Coal-Praducing Region Less than i 4972 745 Mare than Total
amd State 25 inches inches inches inzhes 95 inches Production
Apprlachlan Toaal ............ 16,785 186,542 138,715 43 735 20128 407,906
PURDRITR + v vevae vh e e 6,268 5,310 12,510 ()] 0 24,654
Wanducky, Eastertt ... .. ..... 5,043 #0,350 33,659 6281 SA%2 119,783
Mardand ... .. .._........ 41 508 a9 Z BAS 8 3.53%
3 Tl 2,025 18,23 8435 1 0 26,605
Pannayheania Total ... ., ..... 4,183 23,885 20,282 6,510 1,112 58077
Anthracite . ... . . iaea 17 1,808 1,076 278 gis 3955
Biuminous ... coueopnanas 4,166 22077 19,211 o231 297 54,952
Tanpoesae ... .. iuenrce-u- 188 2434 -] ™1 0 3,000
iGNt . ... e e 908 22712 13 DEE 1,566 13 B4
WeslVingeda ... ........... 1,268 42 855 49,706 Z28rT 13,546 130,183
Interlor Total _ .. ... ... .._... 15947 31,987 54,281 29,585 35,272 167074
ABANEES ... i e e 1 1r 1] 1) i 17
BENOl® .. e aeae.s 340 5,054 17,692 18, 558 a,014 41,001
[0 T=T) |- 4,276 12,284 B gD 4,281 15 2295
L 1 168 1] L a 156
¥ T = T 341 a L] 1) aQ a4
Kentooky, Westermn ... ..., .. 1,250 11,782 23,994 1,084 a A5.000
LOWNSIENA ... .. 00vumuene.s | a 1] 3.134 a 3,134
Miszoud . _..... he e sameas i 24 g 0 1] 48
OMahding . ....ooveivravaen 744 ) 1] L] | 1,743
- 8,632 q.421 §,127 4,148 32,229 54,567
Wastern Total aes T 3,311 19,497 13978 331,600 960,514
Alaska ... ... 1] i) 1] Q 1,601 1,E01
AZONA ., v v e e chmranaans 1] 57 aQ 1,964 9,461 12,173
Colomade ... . oo iren 4] 211 1,703 3552 18,416 21,881
Montana . - f 0 a 10 as.a07 5517
Mew Maxto .. . B 1,723 14,895 3,060 2472 28,268
MNoth Cakote .............. o & 214 Q 208 31,965
thah ... 0 183 a 5,153 16,255 1,841
Washington . . 1] 287 Li] L] 4,443 4,753
YWyoming ... P 0 200 Fii:] 2 208, 651 210,129
Enact of tha Miss, River .. ...... 24,650 13,642 186 4871 66,058 23,162 514,362
West of the Miss. RIvEr . .. vu.s. 10,180 8,228 25524 21,260 263,830 429,132
WS TORI .« onvee v inervrnnnn 34 380 221,870 2,495 B7,298 287,001 943,454

Males: Date for bed hickness and production am given as reporbed on Fom BIA-TA and do not necessaily reprasent complets covarags;
they exdude mnas that pregduced less than 10,000 short foris.  Total may not squal sum of components biecause of indapandant rounding.
Spurce: Enargy Infarmation Adminestration, Form BlA-TA, "Coal Production Report”
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Table 18. Production {Sales Volume) from Federal and Indian Coal Lands Compared with Production from
Other Sources and Coal Royaliies, Selected Yaars, 1970, 1975, 195801993

Productian {Snlas Volums) from Faderaly
Adminizterad Lands Praduction Conl Royattias?

(miikon short ns) from Othar {milfion dollars)
Saurces Total LS.
{miion shork | [mdBon short

Year Federal Indian Tota) tons) o0} Federl | Inien Tola)
19790 ......... 7.4 44 1£4 BO0E 8127 1.4 [ 1.8
wmsE ..., 26.9 1857 LLE 8111 B54.6 449 as 83
H ... E8.1 #4 9249 Ta6.a sgay 23 7.8 101
98 ... ... 116.B 223 138.8 850 8238 3.0 A.E 816
H|EE ... ... 1H.1 289 1300 T08.1 B3a1 618 a5 T4
8 ... 8.7 2545 124.3 a57.8 THE1 5243 a4 1.7
18984 . ........ 1158 205 136.3 oS 2855 69.4 T.6 77.0
B L 159.2 254 184.6 §38.0 agas 035 234 126.9
0 ... ... 168.7 w02 158.7 TG 2803 y0B.4 28.6 137.8
TEBT Leivirure 17.2 24.0 1952 7245 8188 1525 0.5 193.0
oS ... ... 1882 262 2254 T24.8 b 1ld 3 1728 45.7 216.5
1988 . oivivues 2 &0 233 Fd4d.5 SRLT 194.5 4.7 2422
080 ......... 245.9 278 2T3.4 TEE.T 1,628.1 236.1 5.8 206.0
1981 ... .. 240.4 e 278 7282 gaB.0 2767 528 2396
1992 ......... 298.5 o281 2885 T30.0 BBT.E 250.6 B55.9 33E.4
1983 ......... 267 48 281 887 8507 Q4.4 9E4.2 54,8 an.n

S urrant dollars.,

Motes: Output from Faderal and ndian lande 5 reporied as sales wvolums, the basis for royaltes. R s approximately aquivalent o
production, which includes coal sold and coal edded to stockpiles. Tobal may nat equal sum of components becauga of indepandent rounding.

Sources: 1970-1975: LS, Dapariment of the Inlsdor, Ensgy Assoras on Fadsmaly Administersd Lands Bureau of Mines, Mineals
Yaarbook. 1980 farward: U5, Deparmant of 1he Inletor, Minerals Maragement Sandce, Adneral Ravantas 1863, Repart o Racolz fom
Facaral and indtfar Lessas and prior ksues; Energy Informalion Adminisiration, Coal FProduclion, DOEEIA-0118, varlkkus Bsuas; aml Coal
fnduslry Annual 1555, DOEEIA-0S84(83) (Washingion, DT, Docamber 1954).
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Table 17. U.S. Coal Mining Acreage, Production {Sales Volume) and Royalties from Foders and Indian Leases

by State, 1943
Faderal Luazas indimn Leasgs
Production Praduction

(soles valume Royaltes® (sekes valume Royatties®
Acres thouzand shot {ihougand Acres 1housend short {housand

Staty Leised tonx) dollars) Laasnd fons) dollars)

AMlabame ... .. 0 saenns 3456 455 o34 0 1] a
Br2O0TM v iiie e o o o 64,858 12,258 24,208
Colormdo ... ... eunnn... 38,399 12,501 24,343 a 0 0
Kertueky .. invniiinnas B8 106 176 0 n [
Montana. .........covnees 56,720 25,955 58,665 14,746 3,510 1,768
Mew Wades . ..cv v vennnes 14,142 4,600 18,827 26,028 12,316 20,065
MarthDakota ............. 5714 2147 1.063 0 0 L}
O¥aboma .. ... ieeeens 2,760 478 532 o 1] g
LT 51245 16,856 F1.028 0 0 L
Washinglon . ............. 24 GOE {16 0 0 ﬂ
Wyoming ................ 114,520 191,385 150,500 0 0 0
US Total .....u.vvuenea. 268030 257,564 264,242 115,630 25,061 64,750

*Currant dollars.

MNotss:  Qutput fiom Fedaral and Indien lands k2 reporked a5 s3es voluma, the besis i mwyalties, |tk approdmetaly edquivalent o
preduction, which indudas coal sold and coal addad 1o stockpilles. Total may nol aqual sum of compemnents because of idepsardent ounding.

Sourcesr US. Department of tha Intarior, Mincrals fManagement Service, Royaity Mansgement Progoam, Admeml Ravsnuaes: The 7953
Aaport on Aecefpls fronr Federal and Inotfan Lesses,
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Tahble 18. .S, Production Trends in Bituminous Coal and Lignite, 1900-1993

Winers® Employed

1800 ...........

T8

L R

1903
1004
1805

1908

L1
1

R
1013

1916
1977

111 - T T I T

1919

1021

1843 |

seFEmE g n g

19“‘4 R N N N N R R R N

10445 .
1846

PRI I IR T R B I RO

17 ...
B i
10489 ..., P T T

e0g |

1994 ..
/15 .

n P
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L . i‘:i‘
e
DU

LI

awadkadttarn

DI TR N B B R AR A

YRR L]

Sean loomotes at and &f tabls

R -

L

L ST,

Froduction
{housand shor Lons)

Undargrnmd Surface Total
212316 HA KA
205 828 NA NA
2a0.217 INA WA
202,749 A WA
274,880 MA RA
415,063 MNA A
H2ETS A WA
894,759 MA MA
332574 NA NA
a78,744 MA, HA
"7 MA MA
405,907 NA NA
4E0,105 HA MA
478,436 MA MA
421,436 1,268 422,704
438,702 e 442,624
458,500 4,020 502,550
46,273 5518 551,791
571275 AR 579,006
460,270 B850 465,060
S58,807 §.560 553,667
410,865 5057 416,002
412,086 30,209 422 268
552,625 11,940 564,565
470,000 10,807 453,887
53,382 15,871 520,053
556,444 18923 579,567
400,385 18,378 517,763
480,056 13,789 500,745
514,721 20,265 534,393
447 684 19,942 457,626
L2157 18,332 382,083
250,050 14,641 HeHO
315,280 1827 223,630
338,578 20,740 356,369
348,725 23,647 T2
410,862 2g,12e 439,088
13,780 31.751 445,531
g 13 J0407 348,545
367,133 97722 394,855
417,604 43,167 440,71
480,078 55,071 541,149
515480 E7.203 BR2,£93
510,492 75,654 530,177
18678 100,80B 818,574
AT 530 108,947 577,617
420,959 142,962 533,522
491,229 135,395 630,624
460,012 139,606 500,518
331,823 106,045 37,668
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204,275
{40,235
70056
ME,77TT
437,632
460,628
478,425
516,258
516,264
543,152

555 535

B48,632
571,482
583,506
557 456
561,102
603,143
615,305
621,908

629,547
G632, T84
687,358
704,783
£16,804
SHE,453
H53,647
583,618
552160
502,995

483,202
480213
408,230
418,703
458,013
452,403
477204
491,064
441,330
421,788

439,075
456,981
451,901
416,007
02347
383,100
996,434
418,182
441,631
433,609

LTI k}!ﬁirwr "
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Table 1B. U.S, Production Trends In Bituminous Coal and Lignite, 1900-1993 {Continuad)

Prachuctian
Zhor] Zns) Minars*
Year Urkiargroumnd Surace Tedal Emphayed

1R e ttaaaarar i 02,344 123,457 S16,311 415,582
8 - 5842 117,829 £33 585 372,897
1882 . e traear 358,405 10316 466,801 335,217
8 =1L 349,551 107,729 d57 280 =03, 106
1854 .. el o 112 102504 a1 e 227 a9y
- 33,465 121,168 484,833 225003
2 L 35,774 135 110 500,874 224,163
= = 360,640 132,056 462,704 228,535
N 1T D86, R4 123 BBZ 410 448 197,402
1 = 283 434 128,504 412,028 179,536
L1 L1 284,588 130,624 415512 169,400
= P Zre,eg 130,211 a0z 577 150,474
1 281 286 140,883 422 14% 143,832
18|E3 . e A2 2%8 158,872 458 024 41,548
L 421 208 165,190 486,998 124,698
L 1L T g o | 178,427 s12.088 134,732
i L 1 338,524 185,357 533,881 131,762
L - T2 9133 203 a5 552 626 131,523
[+ T 3dd,142 201,108 545,245 127,894
1 < ;M7 32 2iagn 80,505 124,592
L1 5 335,788 264,104 02,930 144,140
L T 275,588 276,304 852,102 145,664
1978 . apd o3 291,284 595,388 148,285
B 1= - 298,353 202 384 50,738 148,121
L P 277,300 326,004 802,408 166,701
1 . 292 526 3Ee812 B4R 438 185,880
L 1 T 234 580 353,805 676,685 20220
B 265,930 425,394 691 344 221,428
= - 242177 427 950 865,127 242,295
B 1 320,321 455978 776,299 224,203
0B ... i i s i e e e 336,025 4BE 1D B23 544 224,938
B 1 |- A15 875 802477 818,352 228,260
- 1 238,572 484,951 833523 214, 400
0 1 - 299 8682 478,111 TIRO03 173,543
L= . 351,474 540,285 B31,7549 176,746
= 1= 350,073 625,656 B¥B,030 167,004
TOBE ... iiit i i hanaaas 359,800 625,223 BBE,023 152,668
1887 e are2age 542963 616,202 141 065
1988 ... ... . ... PO arana 381,545 565,164 548,710 133,913
189 e e aedazz 564,056 g L) | 130,303
= 124,118 601,443 1.025,570 120,619
L. 1 M 406301 545,620 g2 119,441
T . i ie i e 406 816 87,242 004 062 108,670
.= S 350,637 S840 493 8118 104,099

*After 1978, soiudas miners employed at minss that produced less than 10,000 tons.

NA = Mot avallable; nadatively amadl amounts medudad with underground,

Mote: Subbiluminous casl is ndudéd with biliminous coal. Totals may i adqual sum of cormponants becausa of indepandant rounding.

Sources: 1900-1976; LL5. Daparymantof the Inkeniar, Buraas of Mings, AMnem's Yeartooks, 1977-1978: Enangy Informatian Agency, BlAyvmsnas
Coal & Lignits Production amd Mine Oerebons; 16781000 Coal Produclion, DOEEIA-OT1E, vanous Reuss; and Coal hdusly Amnual 7993,
DOEEIA-DSS41%3) (Washington, DG, Decarmber 1994).
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Table 19. Production Trends in Pennsyivania Anthracite, 1900-19%3

Froduction

Mtheusand shant fma)

Yaur

Underground

Totat

Miners®

Erployed

198083

1308

TBO7 .ot ee

1910 .

1911

.2 L -

193

B b4 P4 PR N R4 papEEE R4 Lgn R nEE

L

WIS e e

.
]
v
.

+ 6+ A

1817

118 .

WG oo

1841

1923

1825

1926 .

1827 ........

1428

181
1022
1923
1834

1926
1837
1428

+ " + v .-
A s pE g E E4 EEEAELEEE =T R4 EEE EE AR
+ radkbdidtur DR L I S
P R LY

1&3’5 P R R TR
tdE ey N L)
Taram LN exd rdn T b+
+ L T R - ..
[ RN IR T N RN LR LR

1413

1340
1941
1942
1843
1944
1045

e rmrn kv atmrar kb E b r Ak e

AME

1947 .

1440
1948

Ses fooinotes &t and of Bble.

£5%% 233cErssss

73,858
60,725
59,054

84,026
53,450

41,032
48,575
43,783
4,727
42,566
48,542
42,572

41,517
43,877
45,297
42,736
41,775
24,868
38,084
36,982
a7 175
27,021

EEEFFEEF FTEETEEETE fTrseEssse %.

9,958
12,494
15,009
17,808
29,826
20,048
22929
20,227
13,985
15,671

5758
67472
41,374
74,807
73,457
77,550
71242
85,504

B1,070

84,485
80,464
84,352
91,525
20,522
85,385
8rs78
99612

ae,002

gv.508
20473
54,883
93,339

61,817
84,437
80,096
TE348

50,548
43,855
48,541
67,168
52,189
54,580
51,556
45,099
51,487
69,385

51,485
56,368
50,328
60,544
63,701
54,934
57,180
57,040
42,702
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144,206
145,348
148,141
156,403
155,851
165,406
162,365
167,234
174,174
171,195

169,497
172,535
174,030
175,745
174,679
176,552
150,860
154,174
147,121
154,571

145,074
159,459
158,840
157,742
160,009
160,312
165,386
165,259
160,581
151,501

150,804
139,431
121,243
104,533
109,050
103,269
102,081

99,085

95,417

93,138

91,313
88,054
82121
79,153
77591
72,942
78,145
78,600
16,215
75,377
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Table 19. Production Trends in Panngyivania Anthracite, 1900-1903 (Continuad)

Produetlon
{thousand shart ¥ons) —

Year Undomround Suraca® Total Empleyed

B e e 88,180 15,01 44,077 73,524
2 24,342 16,328 42,870 52,805
= 24,740 15,845 40,585 65,923
BB L, h g e g 17 .Bo5 13,066 a9 57,860
T 16,852 1283 20 053 49,008
- -1 14,498 11,706 26,205 33,523
8 - 15,055 18,845 28,800 9,546
L 12,618 12,702 25,338 30,825
TBBE o it is et eara i naeaan 10,695 0,472 21171 26,540
- 8,415 14234 20,540 29,204

FE T 7056 1,121 15,817 19,051
1= -2 S 8785 10,661 17,446 15,782
PBB2 i e . 8,873 10,221 18,894 14,010
1 - R 6715 11552 18,267 13,488
L7 5,889 11,285 17,184 13,144
198 i ieeeaees 8,297 9,569 14,068 11,122
L T 4,088 8,853 12,841 0,202
L 17 3,259 8,998 12,266 7,760
L1 T 2450 8,091 11,461 8,392
1L - T 2,108 8,367 10,473 5,327

170 0t e nans 1,742 7,987 8,780 5,038
L= 1.287 7440 87127 5,00
1972 4ttt ae st inanrars 844 8,162 7,108 4,783
) L T 728 £,104 €,330 4,083
L2 87 E,5B0 8817 3.847
19?'5 O L T T I T 541 '5.'552- 6‘21}3 W
WIE oo 504 . 544 6,220 5,606
T S g4z 5,219 5,581 2655
T R 598 4,448 5,037 8,472
L 1 B 4-2&5 4'535 W

L L EA2 £.473 6,056 34631
L §21 4 B0 S22 052
UGB s 578 4,008 4,588 2717
1982 . b 447 4,602 4,068 2,088
19‘4 L R N N ] E‘?'E a’rsaa ".1-5'& E,lﬂi
L et 3,662 4,708 2272
UBBE . e e 3,654 4,992 1977
W7 e e Seanea v 63 2825 3,580 1802
e &10 2,045 3,555 1,459
L 513 2835 3348 1284

L1« 427 4,080 3,506 1,687
2L 1 [ a4 4421 3445 1181
TIB2 . iniiriraean i 424 2,058 5,482 1217
- SN 418 2,089 4,306 1,124

"AMar 1978, exdudes minera employed ab rmines thed produced ess than 10,000 tone.

*Surfaca producton incdudes culm bank and rvar drodging operations.

Ma = ot avallabls; ratatively smeal amourts included with underground.

Hote: Totals may nod equal sum of compananis becausa of Indapandant rounding.

Soutcas: 19001976 U.5. Depermant of the ntexior, Bumau of Mines, Misre Yaardooks; 1977-1978:  Enongy Information Agency, Coal-
Fennsyivanis Answacie; 1579-1890; Coal Prodiaiion, POEEIA-0118, varous Bsues; and Geal ndustiy Annusl 1983, DOEEIA-DS31(83)
{Washington, [:C, Decembar 1804},
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Takle 20. U.S. Labor Productivity in Cosl Mining, 194%-1953
(Avaraga Short Tons par Minar per Hour)

Bliuminous Coal and Lignite Coal Minas
Anthracits
Year Underground Surfaca Avetage WMo AN Mirses
e L Srearariaaes 0.58 1.82 09.50 036 o272

1m N A ﬂ.ﬂ 1-5“ 0.85 ﬂ.ﬂﬁ 078
181 e e .76 200 a.488 097 0.80
2 0.80 210 083 .38 0.84
=~ T X ] 22z 1402 L .83

fameaaa e 1.00 248 118 .50 1.08

ard bttt renwranr

crraaraea 1.E0 a.e8 1.58 .78 1.87
376 211 0.76 1.88
4,10 213 o.Rz 2.09
428 a3z .26 221
448 240 080 21
433 242 0.85 2.35
4.50 248 0.83 1 |

1%5 FANFaoan

L -1 T
W\ .-
1\ .
w2 ...
1w ...

L1 [ S .
- trar e
- - . 114 225 30 0.9%0 1.78
L T T 1.04 a5 1.82 .87 1.80
1wl ..., Ceierdamaeararas 104 .03 179 0.81 iLrr
] . .43 a1z 152 1.06 1484

449 228 078 218
454 222 088 213
4.58 220 0.69 216
474 235 (.08 23
32a 1.83 0.83 T

LRI R TN ]

1.72
1.75
1.83
1.88
1.9
1.86
Cammsmamas 1.72 #4.53 236 0.8¢ 2,30
. 1.6
1.4%
146
1.4
f.16

W L 1.2 g7 194 141 193
. | 129 350 21 {.82 210
- - 137 S48 2.4 1.59 an
BB i i 152 .87 2.52 1.H 2.50
2 1.72 4.10 2.65 1.02 264
1985 ....... aveasans 1.79 4.52 2.76 1.0% 274
1EBE ... .o i ae e 2.00 4.65 204 1.02 at
TBBY i i b ) | £.08 432 1.13 230
B8 e i 234 541 3.6 1.21 355
1980 ..., . 244 570 an 142 3.70
W L s 254 a.07 3.86 1.03 283
A=~ 1 2T 4.5t 4.12 1.39 4.09
1m d sd bs s erstnchnts s ntd+0t E‘H‘ El?ﬂ 4&41 1£ 41%
.= 3 7.84 4,74 1.B5 470

Mote: ARter 1978, axcludes mipers amplayed at minke that producéed lass than 10,000 tone. Subbilmineus coal s induded wit.h bitumingus
coal. Toleks may not squal sum of components becauss of indepandant rouning..

Sowco: Energy Inforvton Adwinistration, Anmual Enangy Fsview, DOEEIA-0364(83) {(Washington, DC, Juty 1984); and Fom EIA-TA,
“Coal Prodiction Report
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Tabla 21. Profile of U.5. Coal Miners, 1985

Worker
Employmant Category Statistica®
Ageimean) .......... Ceaeareas as
Maja(percon®) ... .............. ae
Educational {perent)
Highechool Ciplome. . .. ........ 54
Vocaftenal Sehaol Dipitima . . . 8
Gome Gollege . ............. .. 10
Collapo clagras . .. ........,.. 8
Wark axperisnca (meadian, mm]
At preset jobr ....... . 4
Abpresent company ... .. ... d
Totad miding .. .. ... .cviiu v 11
Job-related #raning durng the
Lagl two ymars (medlan, hours) . =
"Producian warkars.

Source: LS, Depariment of the Interor, Buraad of Mines, Infomation
Clrcukr 9192, “Characterizeion of the 1996 Coal Miting Warkforee®
{1988).

Table 22, U.S, Coal Mining Average Employment, Hours Worked, and Earnings, Sclected Years,
1980, 1985, 1990-1993

Employment Category 1980 1985 1930 1881 o 1953

Avecage Employmaent (fousends}

Al Employess ... . ... iiiiirnrra 2463 1873 148.5 5.5 125.5 10543

L 1211 i0S 10.7 8.8 2.3 Fivi 5.4

Production Workars .. .......c0.ocrernren.n- 203.8 1524 1185 1098 014 <Ko
Production Warkers

Aomrage Weeldy Hous Woerked ... ... Lo 40.5 M1 44.0 44.8 44.8 44.4

Avarags Howdy Eamings (cument dollarsy ... . 1086 1524 16,71 17.06 1715 1725

Average Weekly Eamings (cument dollars) .. ......  430.83 626.36 73524 750.88 75460 76E.00

Hots; Employmant data difer from those colscted by the Energy indormafion Administration doe ko different sursay clterla,

Sowrcas: U.S. Deparimant of Labor, Buresu of Labor Stalisics, Emplaymand, Hoors, and Earings, Unllad Siatas, 1202-20, Yol 1, Dullstin
2370 (Washington, DG, March 1851), and Smpkyment, Hows, and Earmings, United States, 185793, Bollelin 2429 (Washington, DG, Augusl
1394); 1904 LS, Department of Laodr, Bureau of Labor Statretics, Dede Users anad Putlicafion Senvices Group.
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Figure 27, U.5. Coal Mining Fatalitles, 1900-1933

I MRACAV AL

1500 / _

Fatalities

™ A
500
[
1804 Taid L] 1%an 1940 1950 T5u} 187 1980 18940
Yaars

Although aliN dangermus, cozl mining has bacome saler dise (o mechanizafion, roof holting, and atingent safaly
ragifations, in 1807, U5, coal mining clefmad & racord 3,242 Hves.

Source; U5, Depanment of Labor, Mine Safaty and Heallh Administralion, Denver Safety and Healih Technology

Conder.

Table 23, U.5. Coal Mine Injuries, Selected Years, 1975, 1980, 1945, 1000-1993

Injury Experfonca® 1976 1240 1985 1890 15 1882 1893"

17 55 155 64 68 ¥ ) 47
Inckdance Fabe™ ., ... vaiernunanas 0.08 008 004 0.4 0.04 0.04 0.04
Nonlalal with Days Lost® . ............ 11,118 18,720 8,082 12,245 11,225 10,055 7.0
Incidence FEEE® ..o viire v innnnas 5.56 az7 5.06 T8 7.05 725 5.49
Nanlala) uith Mo Cays Lost ... ........ 8,652 870 2,520 39543 A5m2 2,050 8415
Inchdance Pebs™ .. ... 0ovieriare-an 500 1.74 140 2.2 228 214 1,00
Tomlnjurlas , . .. ol 20,935 2.7 11,670 15,025 14,868 13.088 10.36¢

Yncdudes office workars and contractors.

nary.

“Iumbers af Injuries par 200,000 smplcyreatunnrs.

Hneludes inhuies that result in resiricted work activity.

Souren: ULS. Ospariment of Labor, Ming Safety and Heghh Administration, Danvar Safaty and Health Technology Centar,
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Figure 28. Coal Distribution from the Three-Leading Coal-Producing Stetas, 1993
{Million Shoet Tons}
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"Amount is kess than 0,1 million short tons.
Bource: Energy Informalion Administration, Ceal Indusiry Anmual 1983, OEEIA-0584{33) (Washington, DC, Dacambet 1994).
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Flgure 29. U.8. Coal Production: End Use Distribution by Supplying Area, 1993

{Million Shart Tons)
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About 20 porcont of the coaf mired int the Unifsd Shates f2 sant ¥ elscide power plarde,

Source: Energy Informalion Administration, Coal industiy Annual 1893, DOEBIA-Q584H53) (Washington, DG, December 1394).
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Figure 30, Coal Shipmenta for U.S. Consumption by Supplying Areas and by Transportation
Methods, 1993
{(Mifiion Short Tons)

Transponation Method: i L OH, PA, TM. VA,

B = Rail Intarior - AR, IE, IN, IA, ¥5,
T = Tuck KW, LA, MO, OR, TX

YW =Vatar Wetam - Ak, AZ, TA, CO,
O = Other MT, N, ND, UT, WA, WY

*Olrer includes framwayfconveyar, sy plpoline (in Yestemn), and unknown o not revealable melhoda,

Rairoads ara the Rwundation of the LLS. coal ransporiation system.

Source: Energy Indomaticn Administration, Form ElA-8, “Coal Distribulion Report.”
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Table 24. U.S. Coal Supply and Disposition, 1949-1983
{Millicn Short Tong)

Supply Dispoaition
Changee in
Produchion Stocks,
Logsas, and
Liriay- Unascounted
Yoor ghaund Surlace Tatal mports For* Total Export | Consumption Tatal

149 ... ... 358.9 121.7 4806 0.3 a51 51640 3ZA 4532 S1B.0
L1~ | I 3.0 1384 SED4 0.4 7A 5235 234 494.1 SZa.5
WE L. 442 2 134.2 E78.a 0.3 -A.1 584.8 827 50549 SEBG
mE2 ..., 3812 126.3 EIT4 0.3 14 506.3 B2z 454 1 S0E3
3~ < T 3674 120.8 4852 0.3 2B 113 36.6 4548 9813
1954 ., ... ... ate.n 1148 42048 132 2R 4238 a3a D09 4238
1885 ......... a8 132.9 480.8 0.3 1402 501.4 Lo X 447.0 5014
1958 . ........ apne 148.8 5308 04 0.5 530.7 A 4554 sany
1857 e a s AAE 1445 5180 04 -2 5154 an.8 434 5 £153
1986 ......... 297.6 134.0 43716 0.5 .4 438.3 &2.5 3B65.7 4393
9688 ... ... 2328 1398 432 7 04 414 424 1 aaa 3851 424 1
1960 . ........ 2028 141.7 4343 03 15 4381 280 2081 4351
L[ 1 I 2Tag 1409 4204 iy 6.2 4208 a6.4 304 4204
1962 ......... Ly 1611 4300 o2 a3 4426 402 4023 4425
1883 . .0iviius a0 1582 4772 a3 25 4739 504 423.5 4738
1884 ......... 4277 178.E 504.2 o3 B3 495.2 48.5 ME.7 4052
18685 ......... a3/.0 1834 5570 2 42 SE29 51.0 420 5234
1986 ......... 425 204.2 46,3 a2 0.8 7.3 0.1 407.7 478
1987 ......... a5s2.4 #1285 5840 nae 235 1.8 50,3 491.4 5418
iegeg ......... 6.6 2104 556.7 [+ =3 4.1 361.0 52 G028 EG1.0
1968 ......... a492 42 e 5710 &1 22 5733 559 Ei1g 4 5733
1978 ... ... 3406 2 §12.7 ol 1.7 595.0 Fili s23.2 5854
1871 .. e 27ie 23T 5505 21 24 559,0 ara 5016 £ERL9
1872 . .eiisn 350 2974 8025 * 2.5 55310 587 £24.3 S04
1873 ......... a1 298.F FO8.6 &1 17.6 6163 5.5 6626 E16.2
1874 ......... byl Ei <l | G100 21 70 &9 &7 5544 6191
1895 ......... 2035 312 a54.6 o3 265 629.1 663 5B2.6 £2849
1996 ......... 2053 2034 GE4.9 12 223 G536 &0.0 603.3 824
1977 .ovis i 4300 /972 18 -19.2 6.7 543 8253 E70G
1670 ......... 2428 4274 6702 3.0 T3 565.6 40.7 B25.2 GES.B
1973 ........ ama 4602 Tatd 21 AR5 7466 550 £00.5 56
L1:1: 11 IR av.s 4922 B20.7 12 R | ¥ To4.4 0T TO2.T7 7845
1991 ... 165 L 1] 8238 14 2.3 8453 1125 a6 452
mez ......... 3202 4920 B38.1 &7 255 8133 1063 T06.9 BE122
1983 ..., 0.4 4R1.7 7821 13 a1.1 BldS 778 T8.7 R14.4
B84 ......... 362.1 543.0 5059 13 +24.4 8728 8ig T81.3 e72.8
1985 ....0... a5048 Lk | 5538 &0 25.1 07 g7 a0 8107
1886 ......... 3604 S2B.8 590.3 2.2 27 58ea 855 a04.2 geag
1987 ... area £45.9 9188 1.7 =10 185 78 5369 816.5
16EH ......... a8z SERA 8503 21 283 B7a7 95.0 883.7 s74.7
1903 . ....... 333.8 868 980.7 24 7.8 a9i4 100.4 859.7 o614
1950 . ........ 4245 604.5 10291 27 -30.5 10013 158 8955 1,001.3
198 e 4072 8.8 235.0 3.4 28 065 1090 8874 906.6
1982 ... 4072 5400.3 875 38 B4 S0 1025 B4 R840
1983 ........ 3511 564.4 3454 7.3 41.7 1,00{.5 T4.5 92549 1.000.5

"Balnncing kam hatwaan supply and disposhion.
"Less than 0.05 milian short 1ons.
Mota: Totels may ok squal sum of componants because o indepandent rounding.

Sources: 1949-1980: Enacgy Snformalion Agancy, Anmual Ensrgy Revisw 1993, DOE/EIA-004(83) (Washington, DC, My 1954); 1990:
Coal Procuction, DOE/EIA0t18; Guartenly Coal Asport Golober-Dscember 1993, DOEEIA0121{83) (Washington, DC, May 1984); Quartsdy
Rapart Janvery-arch 1094, COREIA-0121{941Q} (Washington, DG, August 1994); and Coal industry Annual 1393, DOE/SIA-0S04(39}

Coal

{Wazhinglon, DC, Dacember 1994).
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Figurs 31. U.5. Coal Supply and Disposition Pattama, 19393

Parcant

"TrarmwayfConveyor, skiry pipeling, and unknown or not ravealable mathods,

Most of U8, co=f production js surface-mmined, shipped by radraad, and usad by electric uiiftias.

Mote: Totals may not squal sum of componsnts bacauss of indepsndent rounding.

Source: Energy Information Administration, Coeal sty Annual 1923, DOE/EIA-DS84HE3) (Wazhingtan, DC, Decambar 1084);
Quartery Cosf Regor October-December 1853, DOE/EIA-O0121(93M40) (Washington, DC, May 1984); and Form ElA-8, “Coal

Distribkion Aeport™
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Table 26. Yaar-End Stocks of U.S. Ceal by End-Use Sector, 1949-1993

{Millicn Short Tons)
Inlusiirial Residantipd Totalk
and Cansumear
Year Elkciric Utliles | Coke Planks Cther Indusiiaf Total Commwerelal® Stanky

11T < R | 14.0 18.1 268.0 14 485
1850 ... . chringnas ] 1g.8 282 240 25 7a
1 e aas 15.3 a®2 4.6 1.8 88
w62 ... 415 145 24.7 292 1.7 824
TEEE .. i vinsiannn 458 16.8 22.8 8.4 5 B5.6
1964 ... 431 124 54 e 08 757
1088 i e haas 114 13.4 5.9 n9a 1.0 7z
88 ... ... 455 14.0 174 M i1 813
15? F+ + b+ +utnt kt ﬁl“ 14‘& *5’{5 29-7 0‘9 n?
1088 L. 810 131 8.7 967 09 78.7
1988 ... ... a2 11.8 146 5.2 10 754
1980 ... a1.7 1141 1.8 eze 07 a2
L. 7 0.1 10.5 11.9 2.4 a5 a0
1882 ..o e 504 2.4 12.0 205 0.5 na
1888 .. ercvnicnran 508 a1 23 a0.4 0.5 Fa k-
1984 . ... .......... 538 10.2 122 225 04 m|r
19% PR+ A AR H’ﬁ 1ulu 13-1 za'-ﬂ nl4 ?BIE
1968 ... .. ......... 539 &3 122 H.E 0L 7548
18BF .. iieannan T1.0 111 123 23d 0.2 4.5
19“ ot bk b+t + d + # aﬁﬁ EIT 11-7 21-3 uz Brlu
1988 ... ... in. 818 81 10.8 18.% 02 a1a
19?0 UBE I B B BN B R B B ?1'9 alu 113 E.na' u-ﬂ Eﬂlﬂ
191 e 774 7.3 58 12.% 03 g Wi
|- 7 - S f8.7 a1 7.5 16.7 03 116.8
1878 ..., ara 7.0 10.4 17.4 0.3 0
197 i sntnrnen ;L F.] 6.2 545 122 44 95.5
1978 ... ... 1107 8.8 8.5 173 02 1242
193 i insnsnrnan 174 ph 71 17.0 0.2 1347
BT e e 13232 24 114 3.5 az 1672
1078 . it aeans 12n2 83 5.0 173 N4 145.9
188 ... e 158.7 102 11.2 1.9 0.3 182.0
10980 ... ... ... ‘- 183.0 A | 120 .4 MA 2.0
-1 1 1689 E5 8o 165.4 MA 185.3
1““ Fid 4 ud ot nn s 131-1‘1 d'iE 9-5 14-1 HA 1%3
1883 ... iir e 1856 4.3 87 131 MA 188.7
1984 ............... 179.7 B2 11.3 17.5 MA 18972
1988 . ivnvnvnnrrinas 1564 34 0.4 13.8 A 102
10BB ...........0.u4 1818 30 104 1.4 A 1752
1987 vt smena 17048 3.8 10.8 14,7 41111 1B8.5
16BB .........c.ruuu 1405 N | LY. 11.% MA 158.4
1888 .. vrnrsnrnsean 13549 2.0 T4 10.2 MNA 148.1
1980 .. vrirsncrinas 1582 3.3 8.7 120 WA 168.2
1898 .. oiiiinen i 1574 &8 73 9.9 MA 167.7
1882 ... ... 1841 26 T 8.6 HA, 1B3.7
1983 o iivivinnsnraasn 111a £4 a7 a1 MA 120.5
'Jmmdanhunapurhumaﬂm

bginaka at ratell declae.

MA = Mot enaliabla.

Mole: Totels may not oquad sum of components bacause of indepandant royunsing.
Sourzes: Enargy Infomnation Adminfstration, Anmual Enengy Reviow 1853, BOEFEIA-0384(%3) (Washingion, D6, Juby 1994); and Quaredy
Coal Rapari Cclober-Decomber 1533, DOEEIA-D121(28) (Washington, OC, May 1984},
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Table 26. U.S. Coke Supply and Disposition, 1943-1933
{Million Shedt Tons)

Supply Dispozilion

Yaar Production bnporis Stock Change® Toidl Expors Consumpkion® “Total
148 ..., ... 53.54 0.28 018 6374 DR 6310 6374
1960 ... Ta. 72 .44 0,56 382 040 Fia T8z
1 ... 75.39 046 D457 T2 1.03 Ta.nz a2
152 ... ... 68.25 0.3 042 6815 070 67.36 5815
1858 .. eieena o 7884 0.6 .78 Th22 0.52 T TR.22
1884 ... SY.EE 012 .07 £8.51 0.39 sai2 a5
196885 ... . o e 530 413 125 T6.68 0.53 7615 T6.68
1856 ... veninnnns 7448 0,13 .53 73.98 0.66 73.32 73.88
1887 .., ... 7595 £.142 .81 7506 0.5 FA.43 75.28
1958 ... ......... 52,60 0.ig 067 53.05 0.20 52,66 5105
1958 ... 5586 0.42 .66 55.13 0.45 5167 5313
1060 .......u.... 57.29 0.13 0.06 57.30 035 56.95 5730
£E- - T 51.71 0.13 0,70 5253 045 52,00 5253
1082 ............ £1.91 0.14 0.14 5219 0.3 51.82 5210
1963 ............ 54,28 0.15 1.02 55.45 0.45 55,00 55.45
1964 v.iieiinas 6215 0.10 o.m1 63.16 052 62,54 53,16
e L BE.85 n.na £1.73 88.21 .83 65.58 56219
1966 ............ E7.40 0.10 -0.38 67.12 1.10 86.02 §7.12
1967 v iiiainaans 64.54 0.08 2.9 62258 .71 61.57 5220
- 6365 003 .52 Fa.23 .79 g dd 5323
1968 ............ 64.76 0.17 2ET 57.80 1.63 8617 5780
g1 - 2 6653 015 L1489 £5.59 248 8321 5569
71 ... £7.44 0.17 0.9 5B.20 151 56,60 508,20
i8rg ... ... 6051 013 .59 f1.26 1.23 &0.05 01.28
178 ............ 84.34 1.08 1.76 67.16 1.40 6577 B7.18
1978 .. ... ... 61.58 3.54 0.25 65.37 1.28 64.00 B5.37
1878 ... ... 5721 1.82 -5 07 54,06 1.27 53.00 5405
1976 ............ 58.39 1.1 .40 .15 1.32 56.0% 58.15
1977 ... 53 51 1.83 0.05 55.30 1.24 5414 55.39
WA .. 4501 £.72 =51 57.54 069 56.95 57.64
188 e s2.04 357 485 g5.ay 1.44 53.M EE.27
L= 1 46.13 0,68 <3.44 4335 207 4125 43,38
WE L. 42.79 0.5 1.90 48,22 .57 44 45 45 55
OER ... ..., 2812 012 -1.47 26.77 D20 25 78 26.77
1883 ... 25.51 004 4,67 51 0.67 £9.85 an.E2
3 11127 R 30.40 0.58 019 S0.70 1.06 2074 30.78
185 ... ... .. 2844 0.58 1.16 an 18 1.12 8506 3018
1868 ... ... ...... 2432 33 043 25,74 .00 2473 25.73
1 7 25.30 082 1.00 Hae 057 por 58,22
1088 .........._. 2805 2.6 £.52 8112 1.00 30.02 aln
1968 ..., ... 28.05 241 0,54 002 109 2853 30.02
1900 ... ... .. a7.62 077 . 28,39 0.57 o7.81 28,38
1897 ... ... ... 24.05 1.10 40,18 24.56 0,74 el Yo 24.96
1992 . ........... £a.41 1.74 020 05,57 0.54 D4 73 25.37
1993 (... ..., .. 2918 1.53 0.42 25,13 0.84 24,30 25.14

iHapaiive numbars denota a nat addition to stacks or 4 reduttion i supply. Poslive numbars denote a nat withdrawal fram shocks resuling
In an addition o supphy. Ineludes producer and dstrihuior stocks beginning in 18749,

':.ﬁppnmlt consmpian

Lass than 0.01 millon shart tons.

Mota: Tofals may not equal sum of componanie bacanse of indaperdant munding.

Sources: Enengy Information Adminisiration, Annudl Ersrgy Seviow 1885, DOEEIA-0334(53) (Washington, DG, July 1984) and Quariar)y
Coal Raport Ociabar-Dacambar 1565, DOE/EIA-0121193) (Washingion, DC, May 1094),
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Tabla 27. 1.8. Coal Consumption by End-Use Sactor, 1949-1983

{iilion Short Tons)
Industry and Miscsxlaneous
Odher industny FResidential
Elagirie and and

Yo Utllities. Cotce Plants | Ascedanaoms Total Tramuaportstion| Commerelal Total
1848 ... ... ... 84.0 a4 1212 2426 70.2 1165 4532
1950 .., . ..n.nsns 91.9 104.0 120.6 2246 63.0 114.6 4844
1981 ... ...... 105.8 1137 128.7 2424 56.2 1ms 50549
L - - S 1071 F] 1171 21449 048 L1 4841
1963 ..., ..., 115.5 1124 1174 23041 206 79.2 4545
1964 .. .......... 1184 LT k2 183.9 1856 (==8 ] 2834
1955 ... ...... 143.6 ey 1104 2174 170 684 70
1956 ............ 15843 1083 1343 2205 faa 64.2 4560
1957 ... ......... 168 108.4 108.5 214.9 =X 490 4315
1958 ... ......... 155.7 T6.8 1005 iT74 1.7 q7.5 /5T
1858 ... ......... 1644 0.5 a2y ires 36 40.8 261
1960 ..ouenvnrans 1767 814 58,0 1774 30 409 2261
1961 . ... 1p22 742 5.9 170.1 0B a7.3 2904
1962 ............ 1533 T4T I LT 07 36.5 4eAa
1889 ............ 212 784 1019 50,0 07 g JLo) 4235
1984 ... ......... 2254 /02 1031 164 07 “re 4457
1965 ... ......... 2998 853 1056 2005 07 297 4720
1966 ... ......... 266.E BG4 1387 2051 0.6 286 4977
1967 ............ 272 28 101.8 184.8 05 221 4314
1968 ... .......... 2878 9a 1004 191.6 04 20.0 5094
1968 ... ......... b 13 234 831 1886 03 189 5164
1070 ... hes 3202 065 M2 186.6 0.3 16.1 ska2
2 1 1 s I 3272 832 756 1549 0.2 182 =i
L1} S 3518 B7.7T 729 160.6 0.2 1.7 524.3
2 |- i I ol -1 a4 88.0 21 o1 1141 56256
174 .. ... ... ag1a a0.2 64.9 155.1 o1 114 5B8.4
17 e 065 BAG 3.5 7.2 - B4 562.6
1976 ... cueneree- 448.4 B47 518 146.5 * Bo 503.5
177 e e aa AT7A K 1.5 130.2 - B0 625.3
1978 . vvvvarne A81.2 714 6321 134.5 » 8.5 G252
1978 ..., 6271 TTA 67.7 145.1 . 84 B80S
1880 .., ..usirer- G69.5 86.7 &0.3 1270 . G5 7027
1981 ... ... 596.8 610 7.4 128.4 . 74 7325
1982 .. i 5E3.7 40.8 a4.1 105.0 - &2 TOR.9
1983 ... 8252 ara G6.0 1030 . g4 736.7
T84 ... ... ... BEL.4 440 737 H7e a a1 v81.3
TIBS e A23.8 413 75.4 6.4 . 78 818.40
1986 ............ 6851 26.0 756 111.8 - 7.7 043
1T ... 178 arn 752 1§z a 68 B3E.9
1088 ............ 7E8.4 414 6.3 1152 a 7 aaay?
1888 ............ 766.5 405 761 LR EE- a 6.2 Afny
1H08 ..., 7735 A 762 1152 n g7 RE5S
1001 ..,......... 7723 gaa V5.4 1093 . 6.1 BAT.6
1902 ... ........ 7700 224 4.0 1064 " &2 BE24
193 ... ... 8135 saAa T4 1082 . 62 8FeR

Mnciuded In the Other Industry and Mscsltaneous category.
Luse then 0,05 milion shoet ons.
MHcile: Totals may not aquad sum of components bacause of ndspendant munding.
Sourcay; 1948-198%; Energy nformabion Adminisiraiian, Amual Enevgy Roview 1O, DOEEIA-0384(00) (Washington, DG, July 190d);
1890 on:  Queriery Cos Asport Colober-Decambar 1923, OOEEA-0121(63) (Washingian, DG, May 1991); ard Choartanly Coal Report
JanuaneMareh 1824 DOEMEIAD121(845 Q) {Wastangion, DG, Auguet 1984).
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Pigure 32. U.S. Caal Consumption by End-Use Sector, 1950-1993
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The patterr of U8, eoal consumption has changad signiicardly since 1850, Coal consumption kas risan mainly bacauss mors coal
Ie used (o gerarate slactdchy.

Sourse:  Enesoy Information Administration, Amnued Energy Review 1293 DOEBIA-0ISA{93)(Washingion, DC, July 1994);
Cuarardy Coal Report Oclober-Decombar 1883, DOEEIA-0121{83/40)Washington, OC, May 1994); and Quarlerfy Coal Report
January-March 1994, DOE/EIA-0121(9410) {Washington, DC, Awqusi 1994},
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Tabla 28. LS, Coal Congumption by Census Divieion and State, 1989-1933

(Thousand Short Tone}

Lonsus Divlsion and State )ik 1850 1981 1502 1083
Hﬁ‘l‘fﬁ'lﬂ'l-ﬂlﬂﬁlll dahd R FAA A bR bR T.“' Em 7#12 ?.253 s.’q’ﬁ
Conneclion . ......... P 580 an 955 240 7RE
Malna b bisagEemsassEsaamsaann *H age a4 o556 4432
Mma.cmm ...................... 4,541 4,337 44561 4257 381
MowHampshlta . ... ..oreviiiiins 1,183 1,186 1315 151 1,428
Rhadatbaland . ........... .0 veenuan 27 5 4 L] K]
Voo ... e bedaaamaaree a a 12 20 g
MFcklle AMIANEE TodA & vevrinrisrrenme AT 3412 T0,554 7418 70,388
B JOEEY .. i s 3,545 3,028 8,358 2348 2463
Hew Yok . . 14,105 13405 13,338 12,586 11,878
Pann B e iaiieeaaaaaieen 58,506 £7a1% 54,999 58 074 5E, 150
East Horth Conbral Total wuvvesnvranss 205,556 209,618 208,583 200660 210,632
(11T - R reaaaaan - 23574 3380 34,577 31,899 38,135
2T T 67588 &1, 70 &0,750 £8,78E EiL3ES
Michigan ..........cccriienivaincnn 34,583 713 ave 31,554 32217
ohic ...... areraiaaeeas e gipie 50,205 54,578 sHET 59,081
Wisconsin ..... 18922 20,087 20,659 20,01 20,887
"L2as 118 268 11e, 707 118,508 120,940
17,128 17929 18,741 17992 18,188
14 963 15,175 14,581 14, 17 386
18,270 18377 16,993 16,924 18,321
26,348 25436 25713 25,180 233
7587 B,268 a,859 8,218 a,586
ara 28,114 28,587 30300 30,302
South Dakols .. ........... asa 2571 2paa 2870 2808
South Alendlc Total . ..o cvamnvcuuenns 163,003 148455 134,073 144,170 150,560
Delowars . ..o iae R Ly 2293 2188 1,770 2448
Disiric! of Columbla .. ..... Fbrararrran &0 L] L1 5 Ly |
Fledde . ... ... ... ciiiiainiiinn 26,447 25233 28,004 26,368 26 430
mm1a+rrl--u 1 F+F 1+ + 1++F Erﬂsja MIM? EBIBS? 25!'4'31 E-Tru'm
Ma e rdeEEEEsLaErEarEEssEnaan 11641 1,193 10,70% 8712 10258
Kordh Sarallng | &3 250 21,150 20,637 24475 25,760
SoulhCoroBrm . ..... coainrei i rnaaas 11,861 47 11451 11,28% 12,514
Vil .. ... i b esremaaa 14,279 13,4505 13,980 13,418 13,564
WestVirghola ., .....ccocvrrnevnnnenn 37186 24,880 1,843 2,118 32,046
Bael Snuth cemu'al Tokal ... ... ... .e 7,455 ", 126 90,785 93,804 104,027
Alehame ....cviniiiiii i i 27 53T 27040 20,240 NS T
Konleky .............. reanranra ‘s 2,792 4448 2517 34,704 39,085
Misslgalppl . ...vcnvrreen i 3834 4,450 Jai2 3485 4,030
TANBASE ... vrnraaam e 23,485 248718 2,107 24,108 27,854
Woat Sowth Contral Todad ............. 130,053 191,978 133,635 135,210 140,757
AMANEES . . .o vectrnnsrnnsnnnnran 11,547 12032 12,261 12 538 1 447
LOUTBIANA ..ot erraninnn i enaaaan 12474 12,547 125965 12,674 12,878
Oktahema . ......., 15,080 16,423 16,245 17,430 3,560
1 B0, B Ht 415 a0 oed 91588 96,803
Moantain Todad L .ericvecnensnrnnnas 18212 107150 109,177 112,163 110,673
AHZONE .. e iienr v aaa s 16,5671 1841% 18,805 17,915 1881
Colorads . bR ErasEEramprasan 15353 18,740 8,218 16,853 17,070
B ... . e e i irassree s L k=) 49 B73 >3 28
MONEANG o vviiisnnnnas brerae e 10.458 g.87a8 10,640 11,040 a.247
T.567 T 8,041 30865 ¥ 506
e Moo 15295 16,111 12,858 14,832 16212
heh . 15,044 LA 14,534 15,719 15848
Wyoning 23,052 26514 25,150 27,239 25,171
Facific Tolsl 120 T 11,058 12188 11428
Alaska 299 ya4 B2 782 363
Colfomis ., ..... . 248587 2855 DRTE 2821 2453
Hewsll . ... 1= 25 37 a7 T3
Qragan 306 834 1,840 2124 2,000
wmmlm A+ + bk udd+ s PR 4 LEEEJII R m Eliq? Eﬁs‘ &m Em
Unknmomm . .oocivvvrrnnrsrsassrrnsses 531 0 1] a L]
B Total ...rivnrerrcinnnnenn Ap3,E98 Ba5.480 EBY A2 GE-R R 925,994

Mok Tosaks may nol equst sum of componanis becass ol Independant oundng.

Sources: Enargy Infommatton Adméniatration,

Marsh 1882, DOEEIAD124(840 Q) (Washington, DC, August 1694).
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Table 29, US. Coal Consumption by End-Uss Sector and by Cansus Division and State, 1993
(Thousand Short Tons)

Residential and

Cunsus Divighon and State Ebarzlric: LHilithas Coke Plants Qbivr Indhsbrisd GCommuarcial Tzl
NH'rEnglmﬂTnm Earsaarr s 5,838 1] 847 iLirs 8485
Connectioul . 745 o W W 782
T Srrramarra- 9 Q W W 449
Mageachisalts .. ... . ... .. c..ciius 3,852 a W w 3811
Merw HAMREH® L o ov e vamrrnnrnr o 1,328 n W W 1428
Fhode Bland _ ... _.............. a a W W a
Mommond ... ... i rrera e ) ] W W G
Middis Atiamilc Total 51479 w w 1,498 10,383
Henw Jargay . 2523 ¢ w w 2353
Hew¥ok . ..........c...x e B5a2 w ' W 1,878
Pam = 40,257 . N 12687 56,158
East Morth Contal Tokal .cvvercinnrns 17e83 11,543 17,639 1430 s 10532
11§ ol 7ad L, 3570 W 38,135
L - 48,336 5,591 4,557 = 00,253
MBChBORG . .. .o ZAATY w A.2%) w sZ217
L. 1T« E1456 2802 4100 L) 50,031
WiRCOREN ... ..., . ..., the - 18,043 w 1811 W 20897
Wast Horth Canired Tobal ... .......... 147 504 w 12,751 w 120,840
Iowa ... ... bremairr e, ‘s 16,523 L1 2494 Fi] 13,158
LT - - 17,226 1] 137 23 17,288
=T 16,8494 ¢ 1,370 o7 18221
Missmarl .. ... .. ... 21,945 w 1177 w 23381
MHelbwash®l . ... ierinr-carrannnnran o247 o W w 9,654
Nomh Dakol® ... .. . . .. ........... 3090 (1] W W 20,302
SoulhDakole ... ... . 0 rrnrnn e 2280 O w W 2,608
Somh Allandlc Total .. ........0cunss 132,886 w W 904 160,560
Delemira . . o 2223 1) w W 2448
Districi ol Colombla ... ....coaeu 0o 0 ] 0 -y | B
Fhde ... e 25,108 o 1,307 1B 06 430
Geomgla .. oo e e 25339 o 1,720 a2 27,061
Mardand ... ... oL e e 25N w 3 W 10,268
Mot Gargling 23,055 o 2470 g 25,260
SoulhCarollirey .. ... .. _............. 10,410 a 2395 108 12914
Vighba ....... ... e 9,447 w 28483 W 13,584
VOS] VRO « o e s een e onas - 27.782 W 2406 w anas
East Scuth Centeal Todal ... ..........- 96,346 w W 17 o427
Albama ... ... ... N . V533 3206 2258 40 3047
Kemmeky ... .. it s s 35,954 w 2,392 W 29,096
L 3,767 o w w 4,030
Tannessan | . 23 ol w 3042 W 27854
Wesl South Ganlral Tntn! Pttbad A a bt 134,009 2 e, 780 a3 140,787
Afansas ... L. 15118 a am 1 11447
Louksiane . oe 13,089 1] W W 13,878
m!amm, 17,653 1] W W 18,866
Texzs . §2.138 b 4,857 & £6,809
I-I!nl.miah Tulal Fevmanes Fhbrameaann. ‘e 104,003 w 5163 w 110,673
AIEOMA . . . e 18716 o B74 1 18,591
LI s = 16,252 ] Tan 38 17.070
Mahs L. aaa-- i} i) 48q 43 E24
Montana . o059 ] W w a.2497
Newid .. ... . e rrmn i raae 7808 1] W w 7,806
Mawheden oo ppsoon it e 14,542 ] W W 15012
L T 13,995 w 727 w 16,848
R 5 Lo 1+ T 24,111 a 1673 1E7 2847
PacHic Total ........ 7924 o 2 E7T 821 11,422
1 20e L) 2 Lk a2
LTy 9 1] 2231 142 Basa
Hamal ... ..o cie i trea e 0 o W W Ta
OGN .. e . 1,481 o w W 25099
Wazhwngion . . 5848 1] 174 114 5,934
UE TolM .......ccvicivinmnnnaanas 813,508 N33 T4,892 8,211 925,544

“Lass than 0.05 million short tons.

W = Withheld lo avoid diaciosme of mvdivideal company dala

Hota: Tedsls may act squal sum of companenls bacavza of Indepandant rounding.

Sources:  Enengy Informetion Adminisiration, Quereny Goel Report GutoberCecember 1893, DOEEIA-0121{93/4) (Washington, DG, Mey 38945
and Owarary Coal Rapor! January-Maceh 7584, DOEIA-O1 21 (B4403) (Washinglon, D8, Auguat 1094).
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Figure 33, CoalFired Generating Units. Number, Generating Capability, and Eleclricily Generation
in 1992 as Comparad with Other Enargy Sources
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(Dacamber 31, 1952} (Billion ¥Walts} (Billion Kilowatthours)
{Becambar 31, 1862)

"Geothsmial, woed, wind, wasts, rafuse, and solar

For their nwnber and capabifly, coal-fined generating undts aceowrst for & lerdge share of alecitclly gereration. This is because they
are moslly bazo-load unlls, aperaling continuvousty and supplying slectriclly at 2 generally canaiant rata.

Mote; Tatal may not equzk sum of componends tue 10 independent roundng.
Sourcess Energy Inlormation Admindstration, Inventory of Powsr Flanis in the Unfled Siales 1392, DOEEIA-D05(52)
(Washington, DC, Cotober 1893); and Monilly Energy Review July 1934, DOEELA-DOAGEE0T) (Washington, DT, July 1994},
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Figure 34, Parcantage of Total Electricity Genarating Capability Using Coal, by State,
Dacember 31, 1992
{Billion Short Tons)

B over s
I o .75
] 10%-a0%
] ox%-9%

Al it and of 1932, coal was ihe primary fuef for 300,547 magawails of elecinic genarsiing capalbiiy, or 43 pecent of e U.E.
idal of 895,059 megavwails.

Source: Enargy Information Adminisiration, Inventory of Powsr Plants In the Unitad States 1992, DOE/E1A-009{82) (Washingion,
DC, Octobar 1983).
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Table 30. U.8. Coal Prices, 1939-1893

(Dollars per Short Ton}
Bituminous Coal® and Lignle Andtvacie All Goa)
F.O.5.° tines At Flants and Mives® GIF Electriv Utlity Powar Flants
Yerr Current 1967 Collers® Gurmant 1987 Doltars® Gurrent 1987 Daolleys’

1549 .. ........ 488 2452 B8O 4472 HA N&
1860 .......... 4.84 23,56 .34 46.24 MA, MA
1951 .......... 4492 310 004 4667 NA T Y
1852 .0onvurins 4.90 2279 9.58 44,56 B.61 30.74
1053 .......... A2 22 38 .87 44,88 g.&1 ang.be
1954 . ........ 452 20,36 876 3048 324 29,42
111 1. S 4,50 19.65 8.00 34.95 807 28,51
1956 .......... 452 &0.42 8.33 3530 632 26.78
WEF ... 5.08 20.82 9.1 37.54 254 271
1958 .......... 4 B6 18.52 B.14 361 .58 26.43
21:1:1- E 477 18,63 855 3340 597 24,608
1980 .......... 460 1804 a.01 s0.81 526 2408
1121 [ 4.58 17.41 8.26 31.41 6.20 23,57
1982 . ......... 448 16.65 7.89 a8.70 6.02 8248
1968 .......... 4.3 16.94 8.64 3NTE 586 2154
854 .......... 445 16.06 8.93 S2.24 578 2072
1985 . ivrvennen 444 15.62 851 2096 57 20,11
088 ..., .. 454 16.44 B.08 2T.48 575 16.58
1967 . ovrrrinn. 4,52 16.26 .16 26.50 5.45 1641
1983 ......unn. 457 14.69 876 2761 593 18,65
1280 ..., ... 499 14.94 oM 2067 613 18,85
1 1:7 4 I 5.24 17.78 11.09 s34 713 2028
971 ... . 7407 19,06 12,08 3956 8.00 #1.56
1872 ... T.66 19.74 12.40 31.96 .24 21.75
217 - 853 20.65 12,65 3305 9.1 z1.82
W oL 15.75 36.08 22,10 40.42 15.485 14 49
W5 ... ... 1929 28,09 228 8557 1783 a5.83
Tm A+ R+0 Fd T ta-&d'a 3?!15 msa ﬂd’dﬂﬂ 13‘35 35-1#
W .. 10.82 5540 84 85 £095 o547 86,44
2L /- S 2178 38.12 35.25 58.48 2375 26.9%
1979 ..., 23.68 36.11 41,05 82,69 2515 362
1080 . ......... 24 B2 44,20 4281 5929 2978 40.11
981 .ernnnss 26,29 33.92 44,28 56.12 a3z 40.56
1982 .......... 27.14 32.3p 4085 20,45 3491 41.66
WEd ... ... 25 25 20,84 52,09 50.97 3450 A0.13
1984 . ..aua.., 25,51 28.08 4822 5200 25.12 38.59
1965 . ......... 25.10 26.5% 45,80 4852 a4.53 36,58
TEEB . errrinn. 23,70 24.48 4412 48 £3 [3.an 84,37
687 ... ... 29.00 3.00 43,85 43,65 31.83 31.83
1988 ...l 22,00 21.17 44.16 4250 .64 29,49
080 ... ....... 24 75 20.06 42,03 2957 an.15 27.7%
21|+ F 21.71 19.18 29,40 477 50.4% 26,88
211 [ £1.45 1522 834 80,83 an.02 2554
1982 .. ....... . 098 17.32 34.24 2827 49 38 24.24
1113} S 2056 16.55 Sa7.80 3043 P26.64 25.06

*Inciudes subhituminous cosl.

BF raa an bearl.

For 1949-1879, prices ara Lo.b, praparstion plants. For 1679 forward, prices ars Fo.b. minos.

9Cost, insuance and fraight,

*Calculated by using groes domestic product Implicit prce dalaters.
P = Prafleinary deta. € = Extimate. NA = Not avallabla,
Source: Energy Informadion Administation, Annes! Enengy Rsview 1835, DDEE!A-0394(93) (Washingion, DG, July 1884).
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Table 31. Average Mine Price of U.S. Coal by Mining
Method, 1880-1993

(Dellars per Short Ton)
Under-

Year araund Surface Tatal
1980 ............ 3150 1878 24.45
L1 3 T 13,78 20,60 2640
1|82 .......... ., 2578 2146 2725
1983 . ... ... 47 2066 2598
1984 ... fam 3735 20.59 25.61
1885 . ... .. .... 32 31 20135 2530
1985 . ........... 30.33 1824 2379
987 ...l iea 29.53 1858 23.07
1988 ... ... 2597 1743 2207
e ... 2844 1738 o1.82
1980 . ... .. .... Z?B.58 16898 21.7H
L - 20.56 16.60 2143
"2 e 2703 15.24 21.03
1993 ...l 2882 1587 19.85

Mole: Avarmge ming prica is In cument doflars,

Bowres: Enargy Information Adminstalien, Cosl Preduetion,
DOEEIA-0118, varlous IsSsues; and Coad Wxdishy Annual 1583,
DOEEIA-0684({03) (Washingion, DS, Decanber 1984),

Table 32. Average Mine Price of .S, Coal by Rank, 1580-1993

{Cwllars per Short Ton)
Year Lionle SuhbHumninaus Goal Bituminous Coal Anthracie®
B0 e w 11.08 27 4251
L T W 12.18 31.51 44.28
L .~ W 1237 el 1 40.85
|- o W 12.03 311 58,00
0B L e 1045 12.41 3083 48.22
- 12 1068 12.57 30.78 45.80
e L et 004 12.26 2684 4412
- 10305 1122 2819 43,65
= - 10.06 10.4E 2766 44.16
1888 L 1= 1018 740 4293
. 1013 8.70 2743 JB.A40
= 10.85 %68 £743 36.34
- - 10841 .68 2678 a4 24
L 1.1 8.23 26.15 2204

Srodused in Pennsylvania,

Mole: Avarage mins prica is in curpent dollars.

W = Withkeld fo avold dsclosune ol individesl company data.

Sources; Energy Informalion Adminislaton, Cosf Froduction, DOEEIA-0118, vancus issues; and Coaf mduwsiy Annual 1383, DOEEIA-
0584{93) (Washington, DC, Dacambar 1924},
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Tabla 33. Average Mine Price of U.5. Coal by State Table 34. Foreign Direct lwvestimant in U.S, Ceal,

and Minlng Mathod, 1993 and Share of Totyl 1.8, Ceal Production,
(Dokiars Par Short Ton) 1980-1992
Tyge of Minkng Fovedgn Direct |Foreign Share of
Investmsesit in US. Coul
Undar- U5, Cosl® Production
Stite ground | Swudace | Total Year fbtlon doNars)® {pencent)
Alsbama . ... o aovoa...  d200 4.8 4234 L[ 1< T 05 as
Aagha ...l - w w 1981 ... . 14 129
Afzora ............ ... = w w b 11 I 1.2 16.5
ATKANGES . ... voihnnan - w W 1983 ... 1.3 165
Colored ......ccuveree. 2053 201G 2035 108 o e 26 172
Wnols ..........c....e.. 2554 24.18 26.27 185 e 28 168
Iz .. ............... w W 2289 1085 ..t iririnerean 55 18,5
bowe ... - w w W7 e 33 10.8
KANEAE . ......cunueuens - W w L 1-7:): B 543 a6
Kentuchy Towl .. ..... ... 2507 24,35 24,77 188 fi k] 21.2
Easlam . ... iiiaiins 2542 25.63 Z5.50 TR0 o e e e eees 04 4.7
Weaalomy ... ...... 2384 20,45 22.38 - 13 24.0
Louislana . - - L W Lo - N 15 6.0
Mardond . . . W W 521
MSBONT - .ve et - W w TFarglgn  Edrect Investment k& the value of forsign parent
MONENE . .. ouvnennnnien. W W 11.05 companies’ net aquity in, and oulstanding loans to, atfiiates in he
g e R w W 22 og Uﬂ]!ﬂdﬂﬂﬂﬁﬂﬂi_ﬂ am:!uithuyuar, AVE a:mllataisnus
Morth Dakot . oo oo oo, _ 7E3 Tea busingss emzpdse in which & singlke foreign diect investor owng at
O 3073 56,61 2804 least 10 percant of Tha voling secunbes, or the equivalant.
e N L, bmmdﬂm
ORahorma . ...vceneeneas W W 241 Source: Enargy Information Administrat Profies of Forei
Panneytvania Total ..., ... Er.as 2605 26.50 Dirget Investrend i U5 Eﬂ'ﬁ'lﬂ}" 1592, DOEEIA-0456(02)
Andbracie ... o082 a2h LA {(Washinptan, OC, May 1334},
Blluminoos .. ........... 27.20 23,85 2603
Tennessen ... .. ... .... w w 2723
TedAs ... iini e - 12,87 1287
LT 2081 - 20.81
Vigida ..ol ERES 2529 26,50
West Vieginla . ..., ..... 2854 2557 27.58
VAOMING .. oevinennenas W W 752
S Total covvvirnrereas 26552 1567 1985

- = Not applicable.

W = Withbeld b avald disciosure of individual carppany dada.

Notes: Avarape mine pirica i In cument dollars,

Soure: Enargy Informiatian Administrafion, Coar folelny Anocel
1923, DOEEIA-0S84{03) (Washington, DC, Decambar 1684).

Energy Informeation Adminletration/ Coal Data: A Raference 27
ST i ikl ™ s e T P B0 v A S MM M et W o T T - =
L -:‘.';1 '5’. s -II s i’.-"J A M k) - oy ' .LT' .E;ﬂgﬁ& 5""\I' A o mf‘ 1I' LN




Table 35, LU.5. Coal Mining Cost Comparisons by Mining Methods
{January 1989 Dollars per Short Ton of Raw Coal)

U rourd Surfara
9 Muliple
RAoam and Filar Steeply
Few Fiat-Lying Thick | Dipping
Confinucus Knlng Crrvan tiorel Mning Largwal Mining Coalhads Coahads
At 15 Porosnt BCFRDR" Minimum | Madmum | Minewom: | Madmum | Minimem | Moodmos | Minimum | Maximum | fons mine)

Capital Cests . ............ 1.42 418 0.61 1.1 197 431 372 100 481
Rebum of equity capital .. . . (.58 2.68 117 0.4% 142 202 G441 0.63 254
15 parcent rabum on capital . 0.85 1.E0 0.44 .62 0.66 229 o 037 127

Mine operatingcosts . .. ..... 11.50 14.88 748 12587 a.52 16.51 2.2 .26 BaB
Labor ... .. iiiniianus 707 1148 407 185 &457 487 1.35 1.78 4492
Equipment and supphas . .. . 209 5.2 ad 402 2,95 7H1 127 1.68 47

Land Costs. ... .covvvnenns 0.04 1.E6 1.62 3.40 .00 1.18 o222 .78 186

LI & - - 092 231 1.96 223 158 21 1.35 1.64 337
Ferdhorad e .......... 4.8 044 0.8 .16 038 081 009 10 028
Cinta income . .. .. ... 0.42 a.08 0.01 o3 o.07 .14 0.00 0.02 0.00
Froparty and ad

VAIIBM & vaih s naee e 4.1 10 0.00 o.M iz 007 0.6 0.37 0.28
Eeveranca and excisa
By e {.00 0.B5 061 0.78 019 1.04 047 0.57 1.83
Blackung . .- ..vv v inun s .58 0.74 055 1.1¢ 058 074 0.24 206 0.61
Pealasmation . ........... 008 1 R {1] 0.13 016 .00 o.H 035 038 035
Tolel mining costs & ....... 1EB1 21.90 1345 17.34 1512 2315 552 630 19,35

Aliscountad cach fiow rate of ratum.

Mote: Anrmel production capasity by roining mathod era as follow, in milion shont &ns: contnues, 0.4-0.8; conventional, G.4-1.8; fangwall,
1.1-2.3; =rfocd, fdlat-hying thick coalbads, 3.5-21.03; multiple steoply dipping coalbed, 155, The surn of (Ina Rems may not makch iotals
bacause lre iams and totals may ba from differant mines.

Sourcs: WS Department of mtarior, Burau of Mines, A Cesl Compansen of Safecisd Goal Mnas from Ausiafia, Cenads, Cofomida, Soul
Afrfaa, ard the Unitad Staies, Spacial Pubkcation [August 1803).
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Tabla 36. Quallty and Cost of Coal Recelpts of U.S. Electric Utilities of 50 Megawatts or Larger Nameplate

Capacity by Coal Rank, 19901993
Aweragn Quality Avearagn Dellvered Coot*
Recalpis Suliar Eulfur Ash
[thousand Btu (percant by | (pounds por | (percuntby | (cenks par {iicllam par
Goal Rank short tons] | {per poursd) walghl) mifzn Bhuj walghl) milkan Biu) ahort ton)
1830
Anthrache® ... ..., 762 2070 9.7 .90 .7 977 15.77
Blunnowue . ...... . 477 Taz 11,445 1.8% 158 10.5 1829 A575
Subblhmipous ... ... ... 232,860 8741 043 050 7a 12335 2334
Lignie ...... e 78,432 6,433 092 1.46 14.0 8.4 12.55
Tolal ............... 06,627 10485 135 1.25 -] 145.5 30.45
1581
Anthraeita® |, 728 7,961 064 0482 3.4 94.1 14.98
Biuminous .......... 450,452 11,0964 1.54 1.58 1023 153.2 3566
Subblhaninous ... 233,529 8,722 042 042 .3 1323 23.08
Lignla .........00u0an 78810 6,372 083 1.5 148 1043 1337
Total ... 765,523 0,378 1.20 1.8 0.8 1447 an.qn2
1992
Anihracie® 503 BATO 067 051 324 27 15.88
Elfumiroue . . 453,732 11,987 1.81 1.53 102 149.5 6.6
Subbumimous ......... 2.1 8,754 043 G458 Fa 1285 2249
Lignite ............. a3.438 8,346 097 1.55 145 105.4 14.38
Totsd .. ....... T, 963 10,335 129 1. L 1412 2936
1983
Anthracite® ... .. 292 8,267 0.40 0.84 330 B4 16.05
Bhuminsns ... . 422 200 12042 1M 1.44 10.2 147.6 A5.55
Subbiuminous ... ... 265,180 a.763 041 047 7.0 12E.5 2217
Lignie ............. BO.B3O 6,374 084 1.51 1¢.4 1039 13.25
Tolal ............... . THE 162 10515 118 1.11 2.6 138.5 28.58
*Curment dollers.
Biwciucday cukn ang ik

hota: Totale may not equal =um of camponents bacaisae of mdepandont reurding.
Source! Encrgy infomnatan Administraton, Cosl and Qualy of Fusls for Elactic Uiy Flants 1553, DOEEIA-0191(85) (Washinpton, DG,

July 1924},
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Table 37. Cost of Caniract and Spot Coal Recelpts at U.5, Electric WMilities of 50 Megawatts of Larger
Hameplats Capacity, 1981-1993

Gontract Spot
Fecelpts Cosl Raceipts Cost Avaraqe Cost
{milon (dollars per {milcn {doltars par {dollars par
Yeor ahwrt tons) short ton) short fore) shart ton) ahar 120}
. I 500.9 134 785 38 TA 32.32
189 ....... P 5406 34.62 57.0 ar a0 3491
L. S2aE =2 G9.2 33,34 34.94
1984 . E84.8 36.06 ab.3 35.48 35.12
1985 . ... ii.a 5924 2483 743 273 34.53
1836 ... .. e E01.0 33.51 B8.0 3.8 33.30
L G102 aEm 111.1 A0.86 51,83
1888 .. i i g7 a0.99 100.0 29.30 3054
L= 820.8 2038 1323 29.07 30.15
EL 1 E40.E 74 1380 2941 3045
. B55.5 30.55 114.5 27.02 J0.02
1998 . e a49.5 2503 126.5 2.6 20,36
L. E16.0 28,53 1532 2r.19 2858

Hiote; Cost (s o comen doflacs.

Sourca: Enargy Information Administretion, Cost and Quallly of Fuels for Elactrie LAl Plants 1993, DOE/EIA-G191{93) (Washington, OC,

July 1884} and pravious issues,
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Tahle 38.

1.5, Coal Recelpts and Price by Sulfur Content at Electrie Wility Plants, by State of Origin and

imports, 1993
£ 050 Yo Sulivr #.51+1.6T bs Subur * 167 Ibs, Sulfur
per MM Sto par UM Bin per MM Bru Totel
OQuantity | Cents Quantity Cants Quantity Canls Quantity Cents  |1bs, Sulfur
(thousand per (thousand par (thousang par (thousand par per
Stk shortions} | MM B | shor tans) MM B | ashord tms) MM Ew | ohorttons) | MM B | KWK Bl
Alabama ..... 5000 25z 11,102 178 869 143 16,732 200 0.98
Ardzenm . ... 12,122 111 a - 0 - 12182 i a48
Codoradc 17,751 138 a3 B o - 18,053 128 0.40
Minois ..... 25 161 15511 151 28,842 151 40,378 151 224
indlang . B3s 182 2,584 121 19,784 183 22010 183 283
fowa ... i - a - 18 170 18 17 3.11
Manzae ...... 0 - 0 - b 3 130 el 130 283
Kentucky . 14,080 161 69,812 156 34,963 1z2 119,755 147 137
Lodelana ... . [ - ZEB62 130 441 142 3108 130 1.12
tardand . .. ] 1 2 064 14 2 " 2,984 141 1.33
Iesourd . . [+ - 1 - 330 206 320 20 4.21
Montana . ..... 18,908 166 16,996 o7 o - 83,90% 124 0.57
Maw Mexico $.206 157 17,9494 4 Q - Zr0ee 147 0./
MNorth Dakota ° - 85,227 T4 523 Fid 25,750 T4 1.16
Chie ...... 2 138 1,794 120 265471 143 26,267 142 2m
Okdshoma .. 2 £3 1 23 35 110 38 108 2.68
Pannsyhmanle 1,290 163 28,805 145 14,863 127 45,138 140 1.54
Tennossas . . 124 146 1,878 138 182 110G 1,968 138 1.07
Tawms ....... 4 - a0, 783 i1z 21,075 123 51,630 116 1.68
Uah ... 15,001 1% 8 82 o - 15,100 112 0.41
Viginta ...... 4,213 169 12,308 161 103 125 18,704 163 VA ]
Washington 18 127 48415 132 i ] - 4,564 138 006
Wasl Virgin/a 25,295 L] 33776 3 16,370 142 75,440 154 1.13
Wycming 104,065 126 1272 o5 0 - 201,858 124 0.4z
importa . .... 3516 183 &1 153 Q - 4,528 153 0.54
WS Total .... SE5608 140 289740 140 165,018 134 fea,018 138 1.14
~ = Mot applicakk.

Nokas: Todale mey not squal sum of components becausa of Independent raunding. MM Btu = milon British thanmal anits.
Soure: Energy Informalion Adminkshation, Crarferdy Codl Raport Oclober-Decamber 1935, O0E/ELA-0121{834G) (Washinglon, DC, May

1004},

Table 33, U.5. Eleciricity Generation by Energy Source, Selected Years, 1980, 1985, 1990-1993

{Bilion Kilowatthcurs)

Enarby Sourca 1880 1985 1980 1884 1692 1883
Conl. .. . 1,162 1,402 1,550 1,581 1,576 1,539
Molral Gy . ... ... ....... 3de 242 %4 284 &Ed 259
Patrafapm .. ... ... 245 100 s 11 i 100
Muclooe Power . ... ... 251 a54 BIF 613 618 610
Hydrmotectric Powar .. ....... 276 20 280 amn 240 265
Seothemu Energy ... ....... B 9 ] g 8 8
hal® v 1 a 2 2 2
Total ,viuvierrmnnrnmnn 2,286 2,470 2,808 24825 757 2,883

*Wood, washa, wind, phoknoitale, and solar,

bLess fhan 1 billon Kiowathours,

Mole: Totale may not aqual sum of componants becates of Indepandent roumding.
Bowes: Enargy hlormetion Administaiion, Monthly Enevgy Revlaw Jone 1554, DDE/E|A-0035(24-06) (Washington, DG, June 1834}
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Table 40. Major U.8. Coal-Carrying Railroad

Systems, 1993
Ceal
Driginated®
{milkzn short Percant
RAailroad Syatam oha) of Total
Buringion Morbam Ralnosd
COMPETTY . . cvce e e e rnanenns 148.8 78
CEX Transporiathon . .......o.... .. 148.2 2r.a
Norfolk Seutham Coporation ........ 1104 20.7
Congolidated Ral Comporaton . ... ... d1.4 74
Denvar, Bio Grand & Westam .. ... .. . 227 4.0
liinels Cantral Ralroad Company .. ... 171 3.8
Linkan Peacific Railcad Company ... ... 1548 a0
Aichizon, Topeka & Sante Fe . ....... 141 2.5
Seollg ... ....iiiailes P =1} 18
Top MAR ... 528.1 o000
CHhers s 55 10
"Origiroataet” rafare fo zosl that i londed for te frzt ime and bagine
Its |owmay on a particular rallroad.
Mote:  Tofals may nol equal s of components bacatsa of
Irckapendur roursding.
SouTe;  Assooiaion of American Faliromds, Frafphl Commodtiy
Statistics 1203,

Table 41. U.5. Rail Tranaportation of Coal, 1980-1533

Tons Origkated® Coal Aevamie Coal ax Parcant of Total Trafle
(milion {million
Year shart tane) dolars} Tons Revarus
8 -1 1 5z2 4058 asL 184
) 1= 3 S L] 5877 A 0.2
1 1 524 6,307 M0 238
- - N 454 5.50% 3.2 224
L T 567 6,985 a%E 233
1L T 538 6,556 40.8 232
- | 518 6055 8.6 224
- 23 & LG 50,1 2241
-1 643 8,430 37.8 ny
L[] - 551 8,581 0.3 224
= £70 £,054 407 234
. 580 B,503 40.5 21E
L 54 817 39.8 826
= < 534 E.491 k15 .4

S Originatod® refors #o cool that [ loadad far tha st tee and Bagine s joumesy on 2 parizular rdiroad,
Hota: Revanus B in currant dollars.

Sources.  Associaion of American Rallrosds, Evonomics and Finance Depanmant, Ralrcad Ten-Year Yrends, Vokme Mo, 3 (1688),
Railmad Tan-Yaar Trords, Voluma No. 10 {1993), and Frolgh! Commodily Statistics 1993,
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Table 42. Coal Handled and Revenue Received by Major U.B. Coal-Carrying Rallroads, 1933

Coah Driginstod® Cobl Fusmiss
Arount Share of AN Share of All
(miffon Commeodides Amaunt Commoiiies

Raifrand short tons} {percant] (milion dedury) {percont]
Bimingron Morthem . . .ovrvvvnri e 1465 858 157556 e
GEX Comporalon L. e b e 14582 49.8 1,464.5 0.9
Morols SouBiem ... .ooov e i ienns 1104 525 1,857.8 3e.8
Cansohdalad Aall Corporaton ........... 41.4 azs 4.7 143
Daotvwar, Ao Grande & Westerm .. ........ 7 843 1242 6.1
INincis Central Gulf ... .. 171 e A 12.7
Urdon Pocifz | 15.8 0.4 B72.9 16.4
Alehlaon, Tnpalm & Eama Fa ........... 14.1 178 2233 7
Soobtlne ........... ... . e 96 275 80.4 B

“Otiginaled* refers o coal that 1s ladad for the Siret ios and begine B jotmay on 8 partootar milcosd.
Sourca: Assochaton of Amarican Reliioads, Fraipht Commoshly Slatsfcs 19925,
Table 43, U.5. Waterborne Traffic: Coal and Coal Coke as Compared with Other Fossil Fuels and
Other Commnodities, 19534
{Million Short Tons)
Tameails Farsign

Commedity Tataf Coastwies Lakowisa Internel mpornts Exports
T a31.8 135 18.1 180.0 27 1138
COMOOHE ouvneurivunorsnerronsnsnen CR | b b 49 1.2 £.8
Crude Pabrglaum . ........ 484.3 1228 o 45.8 2830 &1
Petrolaum Produst® . .ovvvisnrenrisasnen 420.0 1084 240 1106 95.1 ES.D
Chamlzel and Pelated Progucts . ... ....... 216,56 2248 23 ag.5 264 Fi
Forast Products, Wood, and Ships ... .... 524 14 b 160 29 29.4
Putp and Waste Paper ................. 123 o [\ 0.4 08 10.8
Soll, Sand, Qraral, Rock, and Stona .. ... .. 134.7 118 734 B35 148 10,7
IronOraand &MAp .. .- .. cvnern i e - e 1.8 L | BS54 E.n 151 133
MmqumOmundsmp 30,0 0.1 & 4.6 215 46
Sulfur, Clay, Brd S8 . ...vovvurennenas 7.6 b b 0.9 21 4.5
Primary Manulacthured Goods . AP 1063 7 a0 248 49.6 .2
FmdanuFamme”..........,. i a3 0.3 8.7 248 143.2
Al Manufectured Equipment ..o ieienan 338 L] L 3.8 24.1 10,8
Waste and Screp, Not Elsswhera Clagstied . . 1.1 05 b 6.5 o (1
Total ciiiinrnraramantnrnrirrnranns 2,082.5 2994 104.4 G0e. 5 453.5 455.2

2Total e greater than column sums becavse of commodity groups not incloded and greater then row sums becouse of local end Indre

tastodes otk Indudad.
b asa than 100,000 tons.
Bource: U.5. Amy Corpa of Enginears, Tha L., Wetorway Byetam—Facls {Januery 1584).
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Table 44. U.S. Coal Export Loading Terminals, 1930

Exiatling Andwiad
Terinal Capacity Storage Serving
Port/Tarminal (milon shot tons) Capacity Raliroads
EAST COAST
Fhilatelphia, PA
Piles Mo, 124; Comrail .. ..o cnnvnn PR 100 F00 raflcars CONRAIL
Pord Richmend Conrall . ... ... ............ (183 100,000 short ons COMRAIL
Camdan, HJ
Broadway Teminal ... couvrinaniniiimuae, 0.E 500,000 short tons CONRAIL
Baltirnore, MO
Curtls Bay Cheasie Systam .. .. .. e 12.0 100 railcans CEX
Cuttis Bay Co. .. ... e 100 350,000 hort lons £8X
Consol Marne Termlnal . ...... . ....verhnnt 10.0 750,000 shart tons COMNAAIL, G5X
Nodolk, VA
Fiergé ........... 43.0 7004 rallcars Norfolk Soulhem
Hawport Naws, VA
- - 2.0 NA CSX
Cominion Temunal ..... oot iinerrrnnanss 150 180 rafcars/ C8X
2,05 million shewt fons
Morehead Gy, M
Morth Garclina State Port Aulhority Bulk Facility . . . . 3.0 MA Norfolk Southem
Chanasion, SC
Mazsey Coal Temibnal . .. ... o invun-non, 2?5 300 railcars’ LS Norfolk
275,000 short 1ons Soulhem
Tobal i i 1185 - -
GULF COAST
Mokble, AL
MocDuffia lsfand . ... .. . e 23.0 2,000,000 ghoart tons Burlington Morthemn;
CEX; Innis Cantral;
Noriclk Southem
Bulk Plant ... ... i iaae e 20 1,200,000 shor? tans Burfingon Morthem;
CSX; Iinols Gantral;
Mool Soulham
Mississippi Rlver
Public Bulk Teminal (MRGEO® ... ... ......... 50 750,000 melnic ions CEX; llinois Cemmal;
Kangzas City Southem;
Mol Southam; Puilic
Balt; Southem Pacific;
Union Pacific
Elaeim=Coal . .. e e i i 25.0 4,500,000 short tons Mona
Internalional Marne Termina! ... ... .......... 13.0 1,900,000 shorn wrs Mona
ALSea Oparalion ........ . c.eeeeernnniinienn 100 - -
Surnside, LA
Bumsida Termigal _............ fesaeaae e 50 475,000 mairt: 1ons llinaie Central
Mid-Stream Operation
Daka Trans, CoeparT. Smith, Pauling, & Damow . .. BG5S - -
Sew footnobes at end of tabla.
04 Enargy Infermation Adminiatration' Coal Data: A Referens:




Table 44, U.S. Coal Export Londing Terminals, 1950 (Continued)

Exduting Annural
Turminal Capacity Storoga Serving
PoriTarminal {million shor tong) Capazity Aaliroads
Lake Charles, LA
BukTeminal 1 ...........cociiiiei i 4.5 225,000 shar tong Ransas City Southem;
Soulhem Paciic: Unfan
Pacific
Porl Arthur, TX
PABTEX ..... e aeea e eeaa e e 4.0 E00,000 retic tons Kargas City Southeim
Houskan, TX
Bulk Meterialz Handling Ptam. . ................ a0 125 reilcars Atchieon, Topaka and
Santa Fa; Buringion
Nerinem; Southarn
Paciflc; Unlon Pacilic
Bulk Dagk 1 ..... . ¢ e i it ee v . 2.5 2.000 ralicars Corpus Ghrisll Terminal
Assr, Southem Pacifle:
Texas Maxican; Lnion
Pacilic
BukbDock 2 ... ... Feaaeen ehadeae f0 2,000 railcars Corpus Chrigti Teminal
Assn; Southemn FPaclic;
Texas Maxican; Union
FPadfiz
Toral .............. 152.5 - -
WEST COAST
Los Angeles, CA
Bedh 43-B0 ., ... ... .- .. it 5.5 170,000 meidc 1ons Atchleon Topaka and
Banta F& Southem
Pacilic; Union Pacilic
heng Bleach, GA
PlerG214-21E .. ...... ... . ceieiirrnnnc-n 1.0 50,000 {oneS Afzhizon Topeka and
Pler G212213 ... .. i it iaetnancnannnns 4.5; 1€8 railcars Sanla Fe; Soulhem
Pacific; Union Paciic
Slockion, CA
Buk Temminal ....... et e b reanan 22 2,000,000 short wons Alchison Topska and
300 milyars Santa Fa; Denvar and
Fho Granda Westem;
Sourhem Pacilic:
Unicn Paclic
Seward, AK
Seward Coal Terming .. ... ... iianinnn. . a3 120,000 metdc tons Alaska Rallioad
Total .. ... e i e e 18.5 - -
GREAT LAKES®
Con Bl Dock, Ashwabla ... ... oL 7.0 1,500,000 ghort tans CONRAIL
Fitlzburgh & Conneeut Dosk Co., Conneat ... ... .. 135 6,000,000 shar tons Buszamer & Lake
Erie
Gﬂd‘m”m.Eﬂa‘--.r+i-it11it--rr++++ """ u‘4 1uulmnshmms EGNthL
Lowes Lake Dock Co., Sandusky .. ... vvsuens 7.5 1,000,000 shaer MNordolk Soulhem
ons + railcars®
Toledo Docks, Todedo .. ... .. o oiiinnrnnnns. 16,0 410,010 short tons CCOMRAIL GSX
Sea lopinotes at end of tabka.
Enargy Infemetion Administrationf Coal Trata: A Refannce a5




Table 44. U.8, Coal Export Loading Terminale, 1990 {Continsad)

Existing Annual
Tarminal Capacity Storage Sarving
Por/Tarminal {millian shart ong) Capacity Raillroads

Total Laka Evia Teimilnels .. ......... ....... ... 44.4 - -
Other Ceoal Terminals

KCBX South Chicage ... .........unuas af 4E0,000 short tong + Balt Lina Raihvery

railcars® Co. ol Chicago

Superior Midwast Enangy Terrninal Suparor..... .. 18.0 7,000,000 short bons Burington Mortham
Total Othwr Teeminale .. ... ... ... ... vas 28.0 - -
Grand Todal Great Lakes Ports . ..... . .......... To4 - -

*Teminal s actually on 1he Misgissippi River Quif Outlet.

PAt-20a trangfor capability fromn ses-going bargas.

Shlumatier of rilcars not reparied.

"Grat Lakes ports ang resirichad in vessel siza In tha alowable St Lawranca Seaway dock dimensions of 730 faet in langth, 76 feat
baarn, and 25 foot draft.

— = Mot applicabls.

A = Mot availatla.

Source:  U.S. Department of Tranzpodtelion, Martme Adminkstratlon, Office of Porl and Intemnodel Development, Existing and
Potentfef U.5. Coal Export Loading Terminals (Washington, DT, January 1922},
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Table 45. U.8, Cosl Exporta by Country of Destination, 1980-1893
(Million Short Tons)

Europa
Sajgium
and
Luncerm- Nather Unitad
Yanr Conoda | Braoi | bourg | Daemank | Fronos | Gemany® | ity | tmnae | Spein | kanggom |Othar] Tola) | Jepan | Othar | Tots
160 .. ..nnnn. 128 1 11 04 Qs 45 45 28 0. 0 24 171 88 13 580
WL ..., ..., 93110 14 ot or a3 48 0E 02 ! Z0 167 68 10 364
12 ........... 123 13 14 b 0.8 51 g0 a3 0 v 18 183 ES 10 402
103 ........ e, MBS 12 2T b 27 56  J- T Y| 15 b g4 ZIT 61 a8 S04
1964 ..., WA 1A 23 b 2z 52 B1 a2 14 & @6 PBL G5 11 495
1906 ........... B3 12 22 b 21 47 00 34 14 b 25 261 75 0P S0
908 ........... 5 17 18 b 15 a5 A 32 1.2 & 25 231 R 10 W
LT S 155 1.7 1.4 0 21 47 58 22 1.0 ¢ 2t 184 122 10 501
193 .........,. WL 13 K b L5 an 43 15 15 & i 155 158 08 512
[ - | 18 [1:] 4] 23 a5 ar 18 i8 b 13 162 214 1.2 Y]
W0 .o en..... B 20 15 b 56 50 43 21 a2 b 15 M wE 1z M7
[T B .. 18 18 B o 1] 24 27 1E 26 17 it 1&E 18Y v 673
WIE . B7 14 14 b 17 24 2y 24 21 24 14 185 188 12 87
93 ..., &7 18 1.2 o 20 1€ g3 14 24 0% 13 144 193 18  BLE
W4 ........... W2 13 11 0 27 1= 58 28 20 14 e 181 2TA 1B BT
W5 ........... 173 20 0B 0 as 20 a5 21 27 i 1.4 180 254 26 B6A
1978 ........... 183 22 2z & a5 10 42 as 25 08 Z1 188 188 21 600
W ... 1T 23 15 0.1 2y 0% 41 20 16 06 21 150 158 A5 543
WIB .ovrrnnn. BT 13 11 b 17 06 3z 1 08 04 Zz 10 W1 26 407
W0 eiivnnnns. 185 24 az 0.2 as 26 50 20 14 14 44 EAF 157 41 660
00 ,.eini..,.. TS 24 &5 18 7.8 25 L AT 24 4.1 60 4g 28l 6O W7
DBE +urinrrra.. B2 27 43 2.9 87 45 o5 &8 £ 25 @88 K0 258 BY 1188
982 ........... WE &1 48 ug 0o 23 "3 6D B 20 76 513 2538 75 1o6a
ET . U - J- SR ¥ 25 17 Az 15 B1 42 43 12 B4 231 128 B1 TIA
1004 . . x4 47 T 25 Y 08 5 &S 24 28 5% A2g 1831 2 4%
"E ... .. 164 5B a4 22 45 11 m3 &3 96 27 163 461 154 8A 827
WeE ........... 45 57 44 23 7] 08 104 58 LT 28 84 426 114 114 858
17 ........... B2 53 45 0.9 -1 05 85 41 25 26 65 a4 1M1 123 TOE
1988 ........... 182 53 6.5 28 41 or 1M1 851 zx 37 A% 451 141 MA 050
988 .,..,...,.. 188 57 71 a2 6.5 or 12 61 a3 456 B9 616 138 20 1008
W ..uenr..... 155 BB a5 3z 6.9 11 1 54 34 52 95 SA4 133 127 1058
W ... 112 T 75 4.7 a5 17 13 98 a7 B2 104 655 12E 130 1080
MW .revininnns 151 64 72 23 a1 10 83 81 4.5 58 85 573 123 114 1W02E
1983 .4viuiin.s. BB 52 £2 04 40 o 64 5% 4.1 41 63 S5 110 108 T4
SThrough 1660, the data for Gemmny an for v IGRGeT Wissl Gammany onty. Baginniog wih 1591, U daia for Gammany are for tha uniled Ganzany, the
Eust Qommany acd Wast Gommany.
Ba e, 50,000 ¥4,

Mot Tobiks Mey not Sunl Sum of compenents Becavss of ndipanaanl rouning.
Sclirme: Enoty Informetion Administration, Annual Enary Ravaw 1993, DOSELA-038483) (Washinglon, DG, July 1894).
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Table 46. 0.S. Bituminous Coal Exports by Grade of Coal, 1975-1993
{Thousand Short Tons)

Yaar Matallurglcal Steam Teatal
L4 51,507 15,072 63,569
.1 47 804 11,602 58408
HWIF e 41,091 11,706 53,587
WFE . 202440 0.588 39,425
TR e e b 0,638 14,085 64,783
1 63,102 26,779 80,052
1881 ... hmaeaaes MV 85 234 A5.010 110,243
12 e £d.585 40,559 105,244
1983 ... 48 8614 26,905 76,870
188d . . e 56,575 234818 80,733
2 60,313 N048 o1.381
GBE .. .. e e 54,977 20,040 54,017
1887 1879 26,713 78,302
1988 . 61,850 32057 T
THBE . e aa 65,128 24910 100,038
[}, R I T TR T T T 63,459 41,578 105,037
.- 64,652 43432 108,454
1982 58444 42,500 1 954
1883 . e 43,567 24350 74,046

Noles: Totede may not squal sum of componenks because of indapondent rounding.
Sources: 1S, Daparimem of Comrmerce, Bureau of e Cansus, “Monthly Heport EM 522" (Washington, DC, 1974), and Makonal Coal
Azgociation, fematomal Col Aeview Ammral 7954 (Washingtan, DG, 1374).
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Table 47. 1.5. Coal Produced for Expaort, by Origin and Destination, 1993
(Theusand Short Tong)

Coal-Promacing Siate and

Repion of Qrigin

Destmation

Cvermaas®

Total

Alabama .....

P IR

Golerada . ....ovirivnr-un

Kentucky Total ... ...

T
Weslorn . .. ... .t i,

Mortara . ......

b

Biluminous . ....... ... ccerii e

Umh ............

Vigifa ... .o e

Washinglon ........-

Wast Vorginia ORI . ... .. oeoeo e

Appatachlon Total - vveescunrerinann
bntarlor Tatal ... couvvnesransrracnuns

Wastorn Total . -

Enst of tha Misxlsalppi River ..., .
Wast of the Misskssipph River . ....-....

4,108
3,187
7,360

0
$01

7250
4anm

7,751

5,688
743
1,128
70
158
8,106
7.902
204
205
&7

11
4,911
24
4287
2,612
13,021
B3
28,052
1,607
27,445
o4

1,065
1,073
5617

2,131
5,628

&7,759

5,668
743
1,124
670
188
8,521
8,318

285
121

1
5.508
316
5.182
2,958
14,251

33,159

30,652
aT4

88419
1,072
6,018

59,451
6,030

75,510

Ealed inchudes Mexiza,

Mote: Tolals may not sgual sam o componsats becauss of indapendant rounding.
Sourcar Engrgy information Adeinfstrafion, Fom EIA-6, “Coal Disinbirion Report”
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Figure 35. U.S. Coal Exports, 1970-1293

120

Milllon Short Tons

Source: Enargy Information Administration, Arnus! Epsrgy Aeview 1923, DOE/ELA-D334{93) (Washimgtan, DC, iy 1934,
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Figura 38. World Coal Production and Leading CoalProducing Countries, 1980-1952

Billion Short Tons

54400
5,200 —
World Total
5,000 —
4,800 =
4,800 =
4,400 ~
4,200 —
Laading <oal-Producing Coundrias

4,000 =

a N =~ ~{ China
3,800 = 131'2m e T "

T 1,000 T uve,

é EW__""'T """"" *....| Former
3,400 — - E u.s.5.0.
3,200 = 1980 1584 18508 1892

= Yoarz
'T_
D t I X l L] I | 3 I L] l 1
1880 1882 1884 1986 13848 1980
Yoars

1992

World coal protuction rose from about 4.2 bitfon tons in 1980 to a racord 5.3 bilfon tonis In 1989 and was aboul 5.0 bifion fong
in 1982. The Unitad Stafes i 2 major coal producers it ranksd first from 1980 through 1982 and agaln in 1964,

Note: GCoal preduction in 1992 from counties that composed the former U.S.8.R, wes es iollows, in million short tons:
Kazakisian, 139; Russia, 372; Ukrame, 143,
Saurce: Energy Infarmation Adminlstration, Infernational Enargy Annuval 1982, DOE/EIA-0219{92) (Washinglon, DC, January

1854).

Enargy Informatian Administratiors Coal Data: A Referance

Ay
ey

104




Flgure 37. Average Quality of Coal Produced for Powar Plants by Producing State, 1993

Heat Valus Sul fur Con tant Sulfur Ach Conlant
{MM O par shor ton) {average weight percem] {pounds par MW Bitu) [avarzge waight percenl}
26 — } - ¥ 7 T —_—
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OH, DK
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1A oK 'z LA KS AL
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f oK
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IH WY _UT OK
17 - wy 10 ] vYAKY
z — 2 7 Ak A arage)
1 14
LT Fi ™ P u..lh
kv, MD PAKY.ND oo
15 — WYTH L
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TXVA L.
= . 1 — TH.LA
HO 1A T " o
13 MDA yAWA m
T M WM wr
12 — T AZ MT E
ur AZ
} GO.WY WY UT GO }
n - 0 = 2

Wote: MMBiu = millicn British thermal units.
Source: Energy Information Administraion. Cost amd Qualily of Fuels for Eleciric Uiy Plante 1933, DOEEIA-0191{93)
{Washington, DC, July 1934,
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Figuwe 38. Cost and Quality of Coal Shipped to Electrlc WRilltles, by Origin, 1953

\.

LLILL

-

Imports
gut: 12,019

L,

Parzan| by Walght 0.85

Pounds pad MRon Blo 0.54
Axh, Parcant by Wakght, &.758
Dalivamad Gu!ﬂ?

Por bAlilon Biu §1,53

Far Shorl Ton $36.82
kﬂu&l‘ﬁhﬂ 4.5 Mi(Ron Short Tons

Coal was mined in 28 Slatas In 1393

([ Lignite ATl Al Wnzrior Rapi 2V
LA, MF WD, T Wostem Reglon (Excludes Lignfe) Appaiachian Region
Bhii: 5,374 Biwlbx 8,112 Bruib: 11,383 Bruith: 12,451

Parcent by Weight 01,94 Sulfur. Sultur: Sutfur:

Pomids B 1.51 Fercent by Weight 0.43 Partar by ht2.72 Parcerd by Welght 1.57
e Parcan by Weldht (4,45 Founds par Mifian Bty 0.47 Founds per M/ikon Bin 2.41 Pounds par Mikon Bt 1.27
Dellvared ma':? gt 43, Azh, Farcenl by Waight: 7.42 Ash, Feroenl by Welpht $.65 Agh, Parent by Witz 10,49

Per MAlon Bor $1.04 Dakvared Cost: Debivarad Cost: Daivarad Cosi:

Par Shodl Ton 513,25 For Millon Bl $1.47 Per Millon Bl $1.34 Por Miion Bu $1.54
Cuantlty: 50.9 Millen Short Tons || For Short Ton: Do Shor Ton; $30.60 Per Short Ton: §34.41

y: 55.5 Milkon Short Tons

\Giuanlity: 2725 Million Shert Tons

JHF

IL IH r._

4 Unlied States h
Bl 10318
Sullur

Parcant by Walghi 1.18
Peunds pac Mihon Bl 1.11
Azh, Percant by Weight: .55
Cukvarad ml:rr o
Par Milion Biu $1.58

Par Shart Jon

52858
kﬂuan'lly: 7642 Mlllon Shon Tans )

Sowvce: Enorgy Information Administration, Cost and Qually of Fiials for Elecede Uty Flants 1243, DOE/EIA-DT1HES)

(Washington, DC, July 1834).
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Table 48. U.5. Alr Pollutant Emission Estimates from Corl Combustion as Compared with Total Emissions
and Tetal Coal Consumption, Selected Years, 1970, 1380, 1950-19%2
iMillion Short Tong)

EmdasionfSource 1570 1880 1930 1561 1882
SullarOnddas Total . .. .. veiee e e as 3.4 26.2 22a 228 227
L 183 - 17.3 173 17.3
Mitropen Ouides Tedad ... .. ovi e i cneerns ahn icled e 234 254
L | 4.3 B.1 T3 7.4 7.3
Carbror Momosids Total ... v v s e e i rnirana 1187 129.0 gz.4 ga.7 g7.2
o 0.7 0.5 0. A 0.3
Resttive Velatla Omanic Compounds Tatal® ... .. 2,7 28.4 237 234 227
| 0.1 < < = e
Parcubatos (PM-10FTataR ..o v ennevvnnnnss 12,1 7O 508 654 514
L0l . ottt e e e, 02 a1 02 0 02
Coal COnsUmMPEan .. ...vvvveenrnnnnernennes 5233 027 B55 &87.8 832.4
Elarctric Lhikiss fparcBmt .. . .ov v cvner i nna s 612 B0 B5.4 87.0 et}

*Data net detaled for caal and other tossl fuals, bt comained In sggregate esimide.

hess compounds along with nlirogan oddas cantribite 40 tha formaton of opone and cther photachemical oxidants i tha atmosphare.

“Less than .05 milkon shon fona.

“Lass than 10 microns in asrocdynamic diameter.

Excludes fugitiva dust from sourses such as sgrculiural tiling, construction acliviles, mining and quaredng, and wind encelon,

Motesr: Estimats for 1990-1992 ar pralminary. Emissions of keed feom coal camnburtiion totaled kess then 100 shott fans in recant yaars,

Sources: U3, Environmental Fratactinn Apency, Metional Alr Politant Enrssioe Trends, 1560-1892 (Octobar 1993); and Energy Infermaticn
Adminietration, Anmes’ Erargy Reviaw 1303, DOEEIA-0384{83) (Washingien, DT, July 1854).
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Table 49. U.5. UtHlty Coal Combustlon Byproducts: Production and Use, 1992
{tfillon Short Tons)

Fiue Gas
Dezulfurization
Praduclion/Uss Fly Akl Bottom Ash Boiler Slag Material

Byproduet Paoduction® .. ... 8.9 129 41 15.9

Byproduc] Use

External Markeks

Cemant and Comnerete Prodiets .. .. .. ... v rue
Mnaral Filarn Asphall ...........c0c0cheinensn
Snowandlea Controd . .. .. ... ... il
Blasting GritRoching Granulas ... .. ... ... aa.s
GErofdfing ... veeeiar e ra g
Coal Mining ApplEians . ... o cv ve i en s ana s
Wall Board ..., v er cnee b mmn e saae e
] 7
Subdatal _............ memaean .
Intarmal Uity AgpRcatons
Camant and Concrats ProtUCIE . ...von e vsisianns
(21T [T o
B 1 - | 131 1) |

-
-

B8Ec ceoolBind:
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=
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)
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0.8 b
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*Eased on conaumplion of 776.0 millon ahort fans.

PLosy than 100,000 ko tans,

Hote: Tolals may not equal sum of componants becausa of Indspendent rsunding.
Sotrce; American Coal Ash Asacciafion,
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Tabla 60. Trace Elsments in U.8S. Coal: Highest Average Concentration by Ranlt and Widest Range by

Ragion and Rank of Caal
Highast Averape Wideot Frange
Avaraga Amourit
Chamical (parts par {paris per
Trace Element” Symbal millllon) Coal Rank milion) Reglon and Coal Rank
AN .. in ih et e ae e 5b 1.2 Blluminous 0.04-43 Rocky Mounkath subpEbuminoos
AR . iiai e ihiaea e Az & Lignite .2-420  Northem Flaing subbiominos
Berybum ... Eea 22 Eiltimin s $08-32  Rocky Mourdaby subbiurminous
Cadmn . Cd. 0.9 Bluminous &.M-170  Inbaror bllumirvous
Chiorine .. ___ ... .. ...._. a MA  MNA 50-5,000 Appaiachian bifuminous
Chramium or q7 Anthracite 1.5-220 Appafachian bituminous
Tobakt .. . Co a7 BHuminaus 0.7-330 Appalachian bituminous
L F 1 Lignite 20-1,900  Appalschian blumincus
Lasd ..... e Pb 14 Bibumireauis G72-580  Interior bumninoas
Marganess Mn 200 Ligrikts 143,500 Haovky Mountain subbitumloos
Mapury ... ..., earara . Hg 025 Ankrachs t01-12  Norhem Plains Kgnite
Mickel ... Mi 25 Anlhracts 0.87-580  Interior binminoms
Phosphons . P 1,880 Lignitte <4-5000  Appalachfan bunimous
Selandam ... L. ..o Se a4 B amired s 012450  Appalachian Whiminous
THOTRY .. v e cereinemns ons Th T Lignita 0.04-T8  Interior bikeninous
R15: 150 T 1 T u a4 Lignita 0.05-T6  Ancky Mountain subbliumimows

*Elpments identified &= hazardoe ar pofiutants by tha Clean Air A2t, as armended in 1980,

Moda: 1) pans per milion = 001 parcent; 1,000 pars per millon = 0.1 parcanl. Whan c3al |2 bumad in a powsr plant, the trece alemants
ara concontralad 65 follows: In iy ash—Sh, Az, Ba, Cd, Cr, Wi, Ph, and Sa: in beth fiy azh and bottom ash—Co, Mn, Th, U, and probably P; as
& vapor—Cl, F, amnd Hg.

MA = Not avalabhe.

Sgurze: LS. Deparitmant of Enargy, Argonns Natianal Labaratary, Envionmental Azsegsment and Indwmnation Sdances Divisen, Al Tosz
Erssions from the Sombustion of Coad: Idenifing and Quaniiing Hazardous A Foliidants fom LS. Coals, ANLEAISTM-33 [Arganne, 1L,

Septambar 1322).
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Table 51. Classification of Coals by Rank

Conl Rank Coal Group Basis of Classifioaticn
Coaly Clogalifed by Fixed Casbion Flxad Garkon Percentage™
Equal (o or
Graater than Luza than Agglomarating Character
L. Anthrarile 1. Mata-enthraches 84 =  Non-spglornerating
2. Anthwacita a2 88 Non-spplomareting
3. Samlanthracie” 86 92 Nomagglomensting
1. Bitvminges 1. Low-yofatia biuminous 78 86  Comwnanly agglermerating®
2. Medio-volatly bitirinous 50 78 Commonly agglomarating”
3. High-volatile A biuminouos - % Commonly agpkenanting®
Haat Santant In By per Pound®
Equal 13 or Gresiar
Coala Clagalfied by Heat Comtent than Lass than
(L. Biuminous 4. High-volatie B bituminous 13,000 14,000  Comwmonly aggiconarating?
5, High-volati'e G othemingus 11,500 13000  Commonly aggiomaratng®
6. High-volatle C bilunminous 10,500 11,500 agglemesmling
itt, Subbiurrirogs 1. Subbituminous A 10,60 B  Mon-agglomeraing
2, Subbiuminms B 8,500 10500  Mon-agaiomeraiing
2. Subbitrniioe: C E,300 9500  Non-agglomerating
V. Lignikc 1. Lignlte A EA00 8500  Noneaggloneraiing
2. Lignike B - 8,300 Mor-agpiomaraing

"Parcontages are based on dnsminarak-matierdree cost.  Volalde mattar {naf shown) k& the complement of fived carborm that 2, the
parceitages of Med carbon and volatile matier 2um to 100 pocenl.  Thereloe, a3 fixed cerbon perceniags decreases, volalle matar
parcentags increazes by tha sarme amount.

by aggtamerating, classify in towvolatla group of the biluminats class,

“Theara mey be ronglomarating varktles in thee biluminoos diess, most notebke in the igh-otutile G biturminous group.

YCoals having €9 porcent or more fxad carbion are classiied according o fced carbon, ragardisss of Blu valua, Coals whh ks then 69
parcond Tived sawban, but with 14,000 o mare Biu per pound, are classifled as high-volatte A biturninous.

“Celortic values In Bl per pound, ont a mokt-minerel-maber-fries basis,

Hole: Terms In this table are defined In lhe Gloskary.

Soures: Adapted from American Sodety far Testing and Matonals 1988, Stanciard Claseification of Coal by Rank, ASTM Designation D388-

a4,

Table 52. Approximate Waights of Unbroken (Solid) Coal in the Ground

Paurvda par Tans par Tons par

Caal Rank Cublc Foot Agre-Fgot Stoare MileFoat
AHWESE ... i e "y 2,000 1,280,000
Blaminous GoRl .. ... ii i r e [ 1800 1,150,000
Subblluminous Goal ... ... i it 2.1 1,77 1,100,000
L N IT IR TR LR RILT A0.5 1,76¢ 1,120,000

Noles: The walght of bioken coal veries wih tha size of the coal. In general, a cubic foot of broken bluminaus coal weighs 47 to 52
pounds end a cuble faol af braken anlhradts welghe 52 to $6 pounds. {By comparsen, a cuhie foot of water waighs 62.4 pounds, and e cubic
oot of lrmeastona walghs sbott 165 poirnds.} A ton of broksn coul occupies approdmataly 40 coblk fest.

Source; U3, Departmant of the Intador, U.5. Geological Survay, Bullatin 1412, Coaf Resoivess of the Unlled Siates, (Washinglon, BE,

1978}
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Tabla 53. RAepresentativa Analyses of U8 Coal

Proximate Parcent MHimats Parcans® |°:$i.jﬁ=
Clagsification by Typa Volulila | Fomd Sul| Hydre- | Car | Nitro- | Oy | Blu par
Aank State'C ounty Bad Sample®| Moisiure| WManar [Carbonf Ash fur| gen bon gen | gean | pound
Mala-anihiracks . . Ahode Iand  Midde 1 132 26 653 1% 03 1.8 642 0.2 1445 8310
Newport 2 - 2.8 TeE 216 08 05 74.1 0.2 a3 10,740
a - 3.8 062 - 24 LOE 84.7 0.3 4.0 13,720
Anthracite . . . ... Ponnsylvaria  Clark 1 43 5.1 810 56 048 2.8 7.7 0.9 &1 24880
Lackawana 2 - L 84.6 i1 0B 2% 3.3 [1%] 24 13470
3 a BA 2.1 - 6E 28 925 1.0 2.8 14980
Sernfanthraclte . . Arkaness Lonwert 1 28 146 Th3 75 1¥ a8 814 1.6 4.4 13880
Johreon Harizshame & - 108 BL5 7.7 1R 3E E3 8B 1.8 1.7 14240
3 - 1.7 B3 - 18 &% 80.6 1.8 1.8 15430
Laww-volalle
Bituminous Coal Wesd Virginla  Pocahonlas 1 28 17.7 T4.0 54 08 46 232 1.3 4.7 14400
Wyaming N0, 3 2 - 15.2 TH3 55 0E& 44 85,7 1.4 2.3 14,830
] — 18.2 607 - 0.8 45 207 14 2.5 15,680
Madium-voiatia
Briominaus CGoal Pennsyivania Upper 1 21 2d.4 674 61 10 50 81.6 14 4.3 14,310
Chearfisid Kittanning 2 - 249 £8.5 g3 14 4.8 83.3 1.5 a0 14,610
) - 6.4 7as - 11 52 fiid ] 1.5 ax 15E80
Hiph-volatile A
Bimmous Coat  West Virginla  Piftsbungh 1 23 s SED 52 048 535 7a.4 15 a5 14,040
Maran 2 - 374 Bv.2 64 D& 54 202 1.6 BB 14370
3 - 385 .5 = 0E &7 B4.8 1.7 7.0 15,180
High-viatile B
Blluminous Coal  Kanhicky Mo, 3 1 8E& 8.4 442 08 28 &4 a5.1 13 14.8 11,800
(Wastern fisid) 2 - 3wl 485 1.7 30 48 T2 1.5 .7 127en
Mubtenburg 3 - 45.0 3540 - 34 o585 504G 1.7 8.8 14,4980
High-vcfatiia C
Bileminouz Coal  IRInoie No. 5 1 14.4 354 40.5 96 38 S8 0.7 1.0 1 10,810
Sangamon 2 - 4.4 474 112 44 4.9 Go.8 1.2 a5 12,530
3 - 46.6 534 - 50 35 788 143 8.5 14,230
Subbituminous A
Goal ......... Wyoming Mo, 3 1 168 348 T 5 14 590 604 1.2 274 10,650
Swaabwalar 2 - 41.8 5348 44 17 44 Ta7F 1.5 14.8 1240
3 - 437 BEA . 18 352 TR0 15 165 13,280
Subbituminous B
Coal ... .. ... Wyoming Morarnch L] 28 3B 40.3 43 05 &9 5aa 1.0 334 95810
Shenidan 2 - 42.¥ 5.7 & 08 58 . 1.2 177 12380
a - 445.2 5.8 - 048 &40 T4 1.3 187 14080
Subbituminous C
Cos ......... Whyoming Wyodak 1 %6 332 944 5B 06 &5 E0OD 03 382 5630
2 - 452 4.9 79 08 48 ETE 1.2 177 11,760
a 43.1 50.9 - 9.8 EO Fic<) 1.3 #95 12,780
Ligrite ........ Morth Dekola  Unnamad 1 36.R 27 R 29.5 5% 05 8BS 40.6 06 451 7000
McLean 2 - 2.9 5.7 g4 1.4 4% 643 1.0 1%.4 11.080
a - 48.4 51.8 - 1.8 &0 70.0 1.1 M4 1223

11, Samplo a3 received 2, Molshure-fres 3, Malsture- and ssh-ras.

-~ m Mot apphcable.

Motes: Sourcs and snalysis ol cosl were selacted b rapresent Bw valious ks of e speciications kor classiicaton of mnk adoptad by
ther Amarican Soclety for Testing snd materiaks.

Saurses: 115, Dapariment of the Intardor, Bursay of Minas: and Wyaming State Sealogical Surviry {Wyndsk had).
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Table 54, Standard Anthracite Specifications

Pereont
Undaisizg Maxinem Impurites®

Siate Round Test Mesh
State {inchon) Mmdoum | Minimum State Bone AshP
Broken . .. .. Throegh 4-3/8 - - 1-112 2 1
Dver3-1/4 103 5 rigfr - - -
=i |1 [N feretaeora Througn 314 10 3 - - 1112 2 1"
Ovar 2-THE 1] T2 - 3 1
=1, T Thicugh 2-716 - - 2 3 11
Owur 1-5/2 15 T-ire - - -
Chesnul . ........ . Thezugh 1-58 - - 3 4 11
Dver 116 15 riR - - -
Pea . - . Theough 1318 - - 4 5 12
COvar 916 15 T-112 - - -
EMMr1 Ak m ER AR R R mw‘sﬁa -— - - - 13
Over 816 15 -2 - - -
Buskwhaat Mo 2 (e} . ......... Through EAE - - - - 13
Cver 16 17 712 - - -
Bucknhesi No. 3 (bartey] . ....... Theough 318 - - - - 15
Dver 3432 20 10 - - -
BuckwhasiNo. 4 .............. Through 3432 - - " - 15
Ovar 364 30 10 - - -
Budadmsiho. B ... ... ..o Thrtugh 264 Ne Bt - - - 15

2Whan slate cantant in the sizas from broken to chealut, inclustve, i bsa than sbove standards, bone content may ba increazed by 4-1/2
fimee fha dacranse in slate conbent under 1ha allowabls OImiks, A slate content spacifiad above shall not be axceeded In any svent. A
tolernce of 1 parcant ks Alpwsd an resdmum pefcaniage of undérsiza and madimum percantage of content  Madmumn percentage of
undersize kb applicable anly to anthraclkie as it i producsd at pepamiicn plam,. Shte & defined as any materla) that hae Joss than 40 parcent
fived carhsn. Bone I Jefnad a5 any material that has 40 percent or mora, but kess than 75 pencent, Rved carbon.

Pash dstevminations are on a dry basls,

Mota: Stendard enthraclie speclficetdons as approved and adoplad by the Anthmacie Commifize, an ageney of the Commomesallh of
Pannsylvania, affactive July 28, 1047, and amended July 20, 1953, Approximate clze classification for bilumninous oal arg: Run-cfming, B
inches; ump, 5 inches; epy, 2  § Inchas; nut 1-17/4 10 2 inches; stoler, 34 10 1-1/4 Inchas; slack, lezs tan 34 inches,

- = Wo1 eppicabda,

Sourca: U.S. Dopartvent of the Intarer, Bursau of Mines, *Anthracite,” Miraral Facie and Problems, Washingion, DC, 1065,
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Coal Terminology and Related Information
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Coal Terminology and Related Information

Acid Mine Drainage: This refers o water poliution
that results when sulfur-bearing minerals associated
with coal are exposed to air and water and form
sulfuric acid and ferrous sulfate. The ferrous sulfate can
further react to form ferric hydroxide, or yellomboy, a
yellnw-prange iron precipibate formd in streams and
rivers polinted by acld mine drainage.

Acld Raim: Also called acid precipitation or acld
deposition, acid rain is precipitation containing harmful
amounts of nitric and sulfuric acids formed primarily
by nitregen oxides and sulfur oxides released into the
abtmosphere when fossil fuels are burned. It can be wet
precipitation {rain, snow, or fog) or dry precipitation
(absorbed gassous and particulate matter, aeroscl
particles, or dust). Acid rain has a pH below 5.4.
MNormal rain has a pH of about 5.6, which is slighily
acidic. The term pH ig a measure of acidity or alkalinity
on a range from 0 {o [4. Readings below 7, which is
neutral, indicate increased acidity; readings ahove 7
irulicate increased afkalinity.

As-Received Coal: Coal in the condition as received by
the consumer or the laboratory analyzing the coal.

Bone Coal: Coal with a high ash content (25 to 50
percent, by weight); it is dull in appearance, hard, and
compack

Bin (British thermal unif): A measnure of anergy, the
Bru is the amount of heat needed to raise the
temperature of 1 pound of watet (approximately 1 pint)
by 1 degree Fahrenheit. The Btu iz a convenient
measure by which t0 compare the energy content of
varlous fuwels. One Btu of energy is approximately
aquivalent to the heat from onme match tp.  Heat
availdble from coal, expressed as Btu per pound or ton,
is a major factor in coal price.

Captive Coal: This refers to coal produced and
congumed by the mine operator, a subsidiary, or the

parent company (for sxample, steel companies and
alectric utilities).

Coal Analysia: This detewnines the composition and
properties of coal so it can be ranked and used most
effectively.

Proxitnate anaiysis determines the behavior of a coal
wien bumed. It measures (in percent) the moigture
content, volatile matter {gases released when coal is
heated, principally hydrogen, catbon dioxide, carbon
monoxide, and various compounds of carbon and
hydrogen), fixed carbon (solid combustible residoe
remaining after the volatile matier is driven aff—
principally carbon, but may contain suifur, hydrogen,
nitrogen, and oxygen), and ash (incombustible matter
consisting of silica, iron, alumina, and other material
similar o erdinary sand, silt, and clay). The moisture
content affects the ease with which coal cen be handled
and tumed. Volatile matter and fixed catbon provide
guidelines for determining the intensity of the heat
produced (volatile matter influences the ignitability and
overall cembustion of a enal and contributes aboat 25
to 40 percent of the heat; fixed carbon, &0 to 75
pexcent). Ash increases the weight of coal, adds to the
cost of and can cause fuel bed and furnace
problems due te the formation of clinkers (fused ash)
andl slag {melted ash that sticks to fumace walis).
Proximate analysis may be reported in several ways,
such as "as received,” “dry,” and “dry, mineral-matter-
frea (dmmf).” Proximate analysis is commaonly vsed in
industrial applications, such as in the purchase of coal
for electricity generation.

Ultimale analysis determines the percentage of carbon,
hydrogen, oxygen, nitrogen, sulfur, and ash. It may be
reported in several ways, such ag “as received,” “dry,”
and “dry, mineral-matter-free {(dmmf).” Ultimate
analysis is used for a more thoroogh scientific
investigation of coal.

Fleating oalue, o heat content, is determined in terms of
By, both on an as-received basis (including moistore)
and on a dry bagis. It is the amount of heak releagsed by
the complete combustion of a specifled quantity of coal
fusually 1 pound or 1 short boh) ag cartbon and
hydrogen combine with oxygen in the air to produce
carpon dioxide and water. Higher keating oalue (HHV),
or gross feat conient, includes the amownt of energy
used B0 fransform the water into steam. Lowwer feoting
talue, or net heat content, excludes the energy used to
vaporize the water and is generally calculated to be 93
to 97 percent of the gross heat value. ETA conversion

farfors kypically represent gross heat content.
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Ultimate Analysis

Two differant lypes of analyses of a bituminous coal.

Agglomerating refers to coal that softens when heated
and forms a hard gray coke; this coal is called caking
conl. Mot all caking cozls are coking coals. The
agglemerating value is used to differentiate between
coal ranks and also is a guide (o determine how a
particular coal reacts in a fumace.

Agglutinating refers to the binding qualities of a ceal
The agglutinating value is an indication of how well a
coke made from a particular coal will perform in a blast
fumace. It is also called a caking index.

Other analyses include the determinatbion of the ash-
soflening ternperature, the ash-fusion temperature (the
temperature at which the ash forms clinkers or slag),
the free-swelling index (a guide to a coal’s coking
characterisiics}, the Gray-King assay {deternines the
suifability of coal for making coke), and the Hardgrove
Grindability Index, or HGI {a measure of the ease with

Proximate Anaiysis

which coal can be pulverized as compared with a
“standard” coal with a 100 HGI value; the lower the
index, the harder to grind and vice-versa) In a
pefrograplic analysis, thin sectons of coal or highly
polished blocks of coal are studied with a microscope
to determine the physical composition, beth for
scientific purposes and for estimating the rank andd
coking potential.

Coal Blending: The process of combining two or more
coals with different characteristics to cbtain coal with a
certain quality, such as a low sulfur content.

Coal Chemicals: Coal chemicals are obtained from the
gases and vapor recovered from the manufacturing of
coke. Generally, crude tar, amunenia, crude light oil,
and gas are the basic products recovered. They are
refined or processed to yield a variety of chemijcal
materials.
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Coal Class{fication: In thwe 1Injted States, coals are
classified by rank progressively from lgnite (least
carbonacenus) to anthracite (rnost carbonaceous) based
on the proximate analyses of various properties {fixed
carbon, volatile matter, heating value, and agglom-
erating character), following methods preseribed by the
American Society for Testing and Materials. The
International Ceal Classification of the Economic
Commission for Burope recognizes two broad cate-
gories of coal, "brown coal” and “hard coal” In terms
of U.5. coal classification, the international ¢lassification
of brown coal includes lignite and lower-ranked
subbitumineas coal, whereas hard coal includes all
higher rank coals.

Coal Face: This i5 the exposed area from which coal i3
exiracted.

Coal Fines: {Coal with a maximurm particle size usually
less than one-sixteenth inch and rerely above one-
gighth inch.

Coal Grade: This classification refers ko coal quality
and use. The classification includes the following
categories:

Briguettes are made From compressed coul dust, with or
without a binding agent such as asphalt

Cleaned coal or prepared cosl has been processed to
reduce ¥he amount of impurities present and improve
the buming characteristics.

Compliarice conl is a coal, or a blend of coal, that meets
sulfur dioxide emdission standards for air quality
without the need for Aue gas desulfurization.

Cuhn and silt are waste materials from preparation
plants. In the anthracife region, culm consists of coarse
rock fragments containing as much as 30 percent small-
sized coal. Silt is a mixture of very fine coal particles
(approximately 40 percenf) and rock dust that has
settled out from waste water from the plants. The terms
cubm and silt are sometimes vsed inkerchangeably and
are sometimes called refuse. Culm and silt have a beat
value ranging from § to 17 mitlion Btu per ton.

Lieg-ash coal contains less than # percent ash by welght;
mediton-ash conl, 8 percent to less than 15 percent by
weight; high-asit conl, more than 15 percent ash by
weight.

Low-sulfur coa! contains 1 percent or less sulfur by
weight Por air quality standards, “fow-sulfur coal”
conkains 0.6 pounds or less sulfur per million Biwe

{equivalent to 1.2 pounds of sulfur dioxide per million
Btu). Medivatt-sulfur coal contains more than 1 percent to
less than 3 percent sulfur by weight 0.61 167
pounds of sulfur per million Btu. High-sulfur conl
containg more than 3 percent sulfur by weight; more
than 1.67 pounds of sulfur per million Btu.

Metallurgical coal (or coking coal) is a coal that can be
converted into cole. Tt must have a low ash and sulhw
content and form a coke that is strong enough to
support the welght of iron ore and limestone in a blagt
furnmace. A blend of two or more bituminons coals is
uwsually required to make coke.

Puiverized coal 15 cond that has been crashed to a fine
dust i a grinding mill, it is Blown into the combustion
zone of a fumace and bums very rapidly and
efficiently.

Slack coa! usually refers to bitwminows coal one-half inch
or smaller in size.

Steam coal refers to coal used in boilers to generate
steam fo produce electricity or for other purposes.

Stoker conl refers to coal that has been crushed ta
specific sizes (but not powdered) for burning on a grate
m automztic firing equipment.

Coal Preparation {Cleaning/Beneficiation/Processing)
Processes:

Dense (heaoy) medivm processes nse a thick solution,
usually a mixture of magnetite and water, to separate
coal from impuriiies by gravity separation.

Flolatiom provesses treat fine-sized corl with an oil-based
reagent that attracts air bubbles in a liquid medium; the
coal Hoats to the surface as a froth, [eaving the refuse
below.

Hydraulic processes use currenis of watey to separate coal
from impurities.

Pneumakic processes use currents of air o separate coal
from Imparities.

Coal Rank: This classification is based on the fixed
carbon, volatike matter, and heating valve. It is an
indication of the progressive alteration, or coalification,
from ligndte to antheacite. Rank can also be determined
by measuring the reffectance of vitrinite, one of the
several organic components (macerals) of coal

Lignite, the lowest rank of coal, is brownish black and
has a high moisture content, someimes as high as 45
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percent. It tends to disintegrate when exposed to
weather. The heat content of lignite ranges from 9 to 17
million Bhu per ton as received and averages about 14
million Btu per tem. The ignition temperatwre is
approximately 600 degrees Pahwenheit. Lignite is mined
I California, Louisiana, Montana, North Crakota, and
Texas, and is used mainly to generate electricity in
power plants that are refatively close to the mines. The
term “lignite” is used interchangeably with “brown
coal” in other rountries.

Subbituminows coal, or black Hgmite, is dull black and
usually contmins 20 to 30 percent moisture. The heat
confent of subbihminous coal ranges from 16 to 24
miilion Btu per ton as received and averages about 18
million Bfu per ton. Subbituminous coal, mined in
weslern coal fields {notably the Powder River Basin), is
used mostly for generating electricity.

Bituminoys coal, or soff coal, i3 the most common coal. It
is dense, black, often with well-defined bands of bright
and dull maderial. Its moishure content usually is lags
than 20 percent. The heating value ranges from 19 to 30
milllen, Bio per fon as received and averages about 24
million Btu per fon. The ignition temperature ranges
from about 700 to almost 900 degrees Fahrenheit.
Bituminous coal is mined chiefly in Appalachian and
interior coal fields. It is used for generating electricity,
meking coke, and space heating.

Anthracite, or hard corl. 5 the highest rank of
econcmically usable coal It is jet black with a high
luster. The moisture content generally is less than 15
perceni. Anthracite contsins approximately 22 to 28
millicn Btu per ton as received and averages about 25
millionn Btu per ton. Iis ignition lemperature is
approximately 925 to 970 degrees Fahrenheif. Virtually
all of the anthracite mined is from noertheastern
Pannsylvania. It is used mostly for space heating and
generating efectricity.

Meta-anitfracite, the highest rank of coal, is a low-quality
fnel. It is dull gray ar black, and has a high ash content.
It was intermitéently mined in the Narragansedt Basin
of Bhode Island and Massachugetts. The last mine, at
Cranston, Rhode fsland, closed in 1959, Coal from the
area averaged about 19 million Bhu per ton s received.

Coal Sulfur: Coal sudfur occurs in three formes: organic,
sulfate, and pyritic. Organic sulfur is an intagral pert of
the coal matrix and cannot be removed by conventional
physical separation. Sulfate sulfur is nsually negligible.
Pyritic sulfur oceurs as the minerals pyrite and
marrasite; larger sizes generally can be removed by
cleaning the coal.

Coal Type: This classification s based on physical
characteristics or microscopic constifuents. Examples of
coal types are banded coal, boghend conl, Bright coal, canmel
cod, and spiinf ceal. The terrn s abso used to classify
coal according o heat and sulfur content. (See Coal
Grade.)

Coalbed Degasification: This rafers to the removal of
methane, or coslbed gos, frem a coal mine before or

during mining.

Coalbed Methane: Methane is generated during coal
formation and is condained in the coal microstucture.
Typical recovery entails pumping waier out of the coal
to allow the gas to escape. Methane is the principal
comporent of nataral gas. Coalbed methane can be
added e patural gas pipelines without any special
treatment.

Coke: Coke is a combustible restdue consisting of
residual ash and fixed carbon made from bituminous
coal {or blends of biteminous coal) from which the
volatile constituenis are driven off by baking in an oven
at temperatures as high as 2,000 degrees Fahrenheit.
The process is called carbenizafion. Coke is hard and
porous, has a gray, submetallic luster, and is sbong
enough to supposi a load of iron ore in a blast fumace.
It is used chiefly as a fuel and reducing agent in
smelting iran ore In a blast furnace. Coke has a heat
value of about 25 million Bhy pet ton.

Caoke Battery: A series of adjacent coke oveng, usually
45 or mere, sharing coal charging and byproduct

confrol equipment.

Coke Breeze: The term refers fo the Ffine sizes of
crushed coke that will pass h a ¥rinch of ¥-inch
screen opening. It is commonly used for sintering
{aggtomerating) iron ore, a process in which fire ore is
mixed with coke and ignited to produce semifused
humps of ore.

Coke Button: A button-shaped piece of coke resulting
From a stapdard laboratory test that indicates the coking
ot free-swelling chavacteristics of a corl; expressed in
numbess and compared with a standard.

Coke Oven: An individual coking chamber made of
silics brick walis and from 4 to 14 feet in
height, 30 to 45 feet in length, and 1 to Z feet in width.
Byproduct ovens contain a series of long, namow
chambers arranged In rows and heated by flues in
which are humed a portion of the combustible gases
generated by the coking of coal. All the volatile
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products are collected as anunonia, tar, and gas, and
may be further processed into other byproducts.

Coke-Oven Gas; This by-product of coke production
iz used as fuel for heating coke ovens, generating
skeam and producing heat for other purposes,

Fossil Fuel: Fuel such as coal, crude oil, or natural gas,
formed from the fossil remains of erganic material.

Foundry Coke: This is a special coke, generally 3
inches and larger in size, that is used in furnaces o
produce cast and ductite fron producis, Itis a source of
heat and also helps maintain the required carbon
content of the metal product. Foundry coke production
requires ower temperatures and longer times than blast
furnace coke.

Fuel Ratio: The ratie of fixed carbon o volable matier
In ccal

Gob: This refers to the caved area of broken rock in an
underground mine. A gok pile i3 a heap of waste from
preparation plants.

Interburden: The material that separates the coalbeds
of a surface deposit.

Middlings: In coal preparation, this material, also
called mid-toal, is neither ciean coal nor refuse; due o
their intermediate specific gravity, middlings sink only
partway in the washing vessels and are removed by
auxiliary means.

Open-Market Coal: Coal that is sold on the
commercial market, in contrast to captive coal,

Overborden: Any material, consolidated or
unconsolidated, that overlies a coal deposit. Overburden
rafo {siripping ratio) refers to the amount of overburden
that must be removed to excavate a given quanbity of
coal. It is commanly expressed in cubic yards per fon
of coal, hut is sometimes expressed as a ratio
comparing the thickness of the overburden with the
thickness of the coalbed. Spofl 13 the overburden
removed In gaining access to a coalbed in surface
mining. Swell fictor is the ratio of the increase in
volume, normally expressed as a percentage, that
occuts in the overburden material when it is excavated
and deposited in a looge state.

Parting: A layer of rock within 2 coalbed that lies
roughly parallel to the coalbed and has the effect of

Peat: Peat is partially decomposed plant debris, and is
considered an early stage in the development of coal
Feal is distnguished {rom kignite by the presence of
free cetfulose and a high meisture cendent {exceeding 70
percent}. The heat content of ajit-dried peat {about 50
percent moisture) is about ¢ million Btu per ton. Most
LS. peat is used as a sofl conditicmer. The first U.5,
electric power plant fueled by peat began operation in
Maine in 1920.

Raw Caal: Coal that has received no preparaticn other
than pogsibly screening.

Round Test Mech: A sieving sereen with round holes,
the dimensions of which are of specific sizes to allow
certain sizes of coal to pass through while retaining
other sizes.

Bun-of-Mine Coal: Coal a3 ji ¢comes from the mine
pricr bo screening or any other treatment.

Screenings: The undersized ccal from a screening
process, usually one-half inch or smaller.

Solvent Refined Coal (SRC): A tar-like fuel produced
from coal when §t i crushed and mixed with a
hydrocarbon solvent at high temperature and pressurs,

Spontanecws Combustion, or Self-Haating, of Coak:
A naturally cecurring proce  caused by the oxidation
of coal. Tt is most common i low-rank coals and is a
potential problem in storing and transporting coal for
extended periods. Factors invelved in spontaneons
combustion include the size of the coal (the smaflar
sizes are more susceptible), the moisture content, and
the sulfur content. Heat buildup in stored coal can
degrade the quality of coal, cause it to smolder, and
lead to a fire.

Swface Mining Equipment:

An auger machine is a large horizental drill, generally 3
feet or more In diameter and up to about 100 feet long,
It can remove coal at a rate of more than 25 tons per
minnfe,

A tucket-wheel excomitor i3 a  continuous-digging
machine equipped with a boom that has a rofating
wheel with buckets along its edge. The buckeis scoop
up material, then empty onte a conveyor leading to a
spoll bank. This excavator is best suited for removing
overburden that does not require blasting, It is also
used in combination with conveyors to move topsoil

splitting the bed into two divisions. from aress to be mined to storage.
Energy Informatlan Administration” Conl Data: A Referance 117
T A 0 L AP N TR DT S RN T L A | S




A bulldazer is a tractor with a movable stee]l blade
mounted on the fromt It can be opged to remove
ovetburden that needs Litte or no blasting.

A corryall geraper (or pam scraper) is a self-loading
tnachine, usnally self-propelled, with a scraper-like
retractzble bottom. It is used ko excavate and haul
overburden.

A continuous surface minér, used in some lignite mines,
is equipped with crawlers, a rotating cutting head, and
a conveyor, It travels over the bed, excavating a swath
up to 13 feet wide and 2 feet deep.

A dragling excavator removes overburden to expose the
ozl by means of a scoop bucket that is suspended from
a long boom. The dragline digs by pulling the bucket
toward the machine by means of a wire rope.

A walking draghne is equipped with large oulrigger
platforms, or walling beams, instead of crawler tracks.
It “walks” by the alternate movement of the walking
beams.

A drilfing rig is used to determine the amount and type
of everburden overlying a coal depesit and the extent
of the deposit, to delineate major geologic features, and
to drill holes for explosives fo fragment the overburden
for sasier removal.

A fronit-end loader is a tractor with a digging bucket
mounted and sperated on the front. it is often vsed to
remove overburden in contour mining and to load coal.

A hydraulic shovel excavates and Joads by means of a
bucket attached to a rigid arm that is hinged to a boom.

A poter shove! removes overburden and foads coal by
means of a digging bucket mounted at the end of an
arm suspended from o boom. The shovel digs by
pushing the bucket forward and upward. It does not
dig below the level at which it stands.

A Wrin-seam miner resembles an auger machine buk has
a drum-type cutting head that cuts a rectangular cross
secton.

Surface Mining Methods:

An quger mine recovers coal through the use of a large-
diameter drill drven inte a coalbed in the side of a
surface mine pit. It usually follows confowr surface
mining, particularly when the overburden is too costly
te excavate. (See alse punch ming, a type of under-

ground mine.}

Arer mining is precticed on relatively flat or gently
rolling terrain. It recovers coal by mining long strips
successively; the material excavated from the strip
being mined is deposited in the ship pit previcusly
mired.

A bench is a ledge m a surface mine that forms a step
from which excavation will take place at a conskant
level.

A box cut is the first cut made to remove the
overburden from the coal where no open side exists;
this results in a highwall on both sides of the cut. The
overburden is placed on unmined land, nomally
cuizide the area fo be mined.

Contowr mining it practiced when the coal is mined on
hillsides. The mining follows the contour of the hillside
until the overburden becomes uneconomical to remove.
Thiz method creaies a shelf, or bench, on the hillside
Several varistions of contour mining have been
developed to control envirorunental problems. These
methods include siope reduction [overburden is spread
s0 that the angle of the slope on the hillside is
reducad), hepd-ofoliow fill (overburden is placed in
narrow V-shaped valleys to control erosion), and block-
cut {overburden from current mining is backfilled into
a previously mined cut).

Explosives casling iz a technique designed to blagt up to
&5 percent of the overburden inte the mine pit for
easier remnoval. It differs from conventional overburden
blasting, which enly fractures the everburden before it
is removed by excavating equipment.

A higlmll s the unexcavated face of exposed
overburden and coal in a surface mine.

Mountainfop riming, sometimes considered a variation
of contour mining, refers o the mining of a coalbed
that underlies the top of a mouniain. The overburden,
which iz the mountaintop, is completely removed so
that all of the coal can be recovered. The overburden
material iz later replaced in the mined-gut arga. This
method leaves large plateaus of level land.

Openpit conl mining is essentially a combination of
contour and area mining methods and is nsed o mine
thick, steeply inclined coalbeds. The overburden is
removed by power shovels and trucks.

Tipple: COriginally, the place on the surface where
mine cars were tipped or emptied of their ccal, but
now expanded o include the place where brucks, rail-
road cars, or corveyors hauling coal from a wning dump
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the coal. Sometimes applied ta the surface structures of
a mine, inchuding the preparation plant and loading
tracks.

Underground Mining Eqripment:

An arnored face conteyor is used to ransport coal from
the face of a lengwall operation and also to support the
shearing machine or plow.

A coal-cutting macking iz nged in conventional mining to
undereut, topeut, or shear the coal face so that coal can
be fractured easily when blasted. I€ cuts 9 to 13 feet into
the bed.

A conbinuous auger machine is used i mining coalbeds
legs than 3 feet thick. The auger has a cutting depth of
about 5 fect and is 20 to 28 inches in diameter.
Continucus auger mining usually uses a conveyor belt
to haul the coal to the surface.

A conbinvous-mining mackine, wsed during conlimions
mrining, cuks or rips coal from the face and loads it into
shuttle cars or conveyors In one operation. It eliminates
the use of bhlasting devices and performs many
functions of other equipment such as drills, culting
machines, and loaders. A contmuyous-mining machine
typically has a twming “drum®” with sharp bits thai cut
and dig ouk the coal for 16 to 22 feet before mining
stops s that the mined area can be supported with roof
bolts. This machine can mine coal at the rate of £ 10 15
fons per minnte.

Conpeyor systems consist of two types. A mainlme
conrvgyor is usually a permanent installation that carries
coal ko the surfmce. A secllon conzeyor connects the
working face te the mainline conveyor.

A face drill is used in convenbional mining o drill
shotholes in the coalbed for explosive charges.

A loading machine is used in conventional mining to
sooop broken <al from the working area and load it
mbe a shutile car, which hauls the coal to mine cars or
conveyors for delivery to the surface.

A mine locomolite, operating on iracks, is used fo haul
mine cars contzining coal and other material, and to
move personnel in specially designed “mantrip” cars.
Large locomotives can haul more than 20 tons at a
speed of about 10 miles per hour. Most mine
locomotives nm on eleciicity provided by a frolley
wire; some are battery-powered.

A plow is a longwall-mining machine with a blade that
has fixed bits or a saw-toothed edge.

A ram cor, or shuifle ram, is a rubber-tired haulage
vehicle that is unipaded through the use of a movable
steel plate located at the back of the haulage bed.

A roof-bolting machine, or roof bolter, is uged 1o drill holes
and place bolts to support the mire roof. Roof bolting
units can be installed on 2 continuous-mining machine.

A zeaop is a rubber-tired haulage vehicle used in thin
coalbeds.

A sheaver ig a longwall mining machine with one or two
rokating cutting drums.

A shield is a movable roof support used in longwall
ining,

A shorhall-mining machine generally is a continuous-
mining machine used with a powered, self-advancing
roof support system. It shears coal from a short coal
face (up to about 150 feet long). The broken coal Is
hauled by shuttle cars te a conweyor belt,

A shutte car is a rubber-tired haulage wehicle that is
wnloaded by a built-in conveyar,

Underground Mining Methods:
A cross exf in an underground mine is a short tunnel
connecting bwo parallel entries.

Dezelopment refers to the nuning needed to provide
access to the area to be produced. It includes driving
shafts and slopes.

A drift mine i3 driven horizentally into coal that s
expesed or accessible in a hillside.

An eniry in an underground mine is a wunnel-kke
passage, usually driven entirely within the coalbed and
rectangular in cross section, typically about 6 feet high
and 20 feet wide. The number of entries is determined
by the requirements for ventilation, haulage,
eacapeways, andd mine services such as power, water,
and drainage.

In a kydrenlic mine, high-pressare water jets break the
coal from a steeply inclined, thick coalbed that would
be difficult t0 mine with the usual underground
methods, The coal is then transported to the surface by
a system of flumes or by pipeline. Although currently
not in commercial use i the United States, hydraulic
mining is used in western Canada,

In longwall mirdng, a panel, or block, of coal generally
about 700 feet wide ancd often over 1 mile long is
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completely extracted, leaving oo pillars to support the
mined-out area. The working area is protected by a
movable, powered roof support system. The caved area
{gob) compacts and, after initial subsidence, supports
the overlying strata. Longwall mining is used where the
coalbed is thick and generally flat, and where surface
subsidence is acceptable

A poriel i5 the surface entrance to an underground
mine. It is the point where the main haulage and
ventilation entries of the minge intersect the earth’s
surface.

A punch wmine is a type of small drift mine used to
racover coal frem strip-mine highwalls or from small,
otherwise uneconomical, ceal deposits.

Rock dusting, sprayed in an underground coal mine,
reduces the possibility of coal dust explosions. Rock
dust is 4 very fine noncombustibie material, vsually
pulverized limestone.

Roof Polting is the principal method of supporting the
mine roof. In roof bolting, long belts, 2 to 10 feet long
with an expansion shell or with resin grouting, are
Placed in the mine roof. The bolts reinforce the roof by
pulling together rock strata to make a strong beam, or
by fastening weak strata to strong sirata.

In a room-and-pillar mining sysiem, the most common
methad, the mine roof is supported mainly by coal

pillars left at regular mtervals. Rooms are places where
the coal s mined: pillare are areas of coal left between
the rooms. Room-and-pillar mining is done either by (1)
conventional  wmining, which involves a series of
operations that require cutting the working face of the
coalbed so that it breaks easily when blasted with
explogives or high-pressure air, end then loading the
broken coal or (2) comfirnous minimg, In which a
continuous mining machine extracts and removes coal
from the working face in one operation. When a section
of a mine has been fully developed, additional coal
may be extracted by mining the supportive pillars untl
the roof caves in; this procedure is called room-and-piilar
refreat nrining.

A shaff mixe is driven vertically to the coal deposit.

A shorkwall mining system generally refers to room-and-
pillar mining in which the working face is wider than
usual but smaller {less than 150 fest) than that in
A slope mine is driven at an angle to reach the coal
deposit.

Ventilation, arremplished with large fans, is essential to
supply fresh air and to remaove gases and dust from the
mine.
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Energy Technologies and the Ewvironment: Envirownenial
Infarpiation Handbook, DOE/EH-0077. Washington, DC,
October 1988,

Assistant Secretary for Foessil Energy. Clean Conl
Technologies: Research, Development, and Demonstration
Program Plan, DOE/FE-0284, Washington, DC,
Hovember 1993.

Assistamt Secretary for Fossil Energy. Clemn Cosl
Technology; The Investment Pays Qf, DOE/TE-0291.
Washington, DC, January 1994

Assistant Secretary for Fossil . Clean Coal
Technology: The New Conl Era, DOE/FE-0913-P.
Washingten DC, June 1990,

Asgsistant Secrstary for Fossit Bnergy. Clemn Ceal
Tedhwolomy Diemonstration Program: Program Update 1993,
DOE/FE-0299-P. Washington, DC, March 1994,

Assistant Secretary for Fossil . Report to fthe
United Siates Congress: Clean Cotl Technology Export
Mavizte and Founemg Mechenisms, DOE/FE-0307P.
Washington, DC, May 1594,

Assistant Secretary for Fossil Energy. The Clean Coal
Technology Program—Lessons  Learned, DOE/FE-03E
Washington, DC, July 1994,

“Coal Preparation: The Foumdation for Modem Coal
Use.” PETC Review, Issue 5. Pitisburgh, Pa, Spring
1992, pp. 4-13,

Mational Energy Straiegy:. Powerful ldeas for America.
First Bditton 1991/1992. Washington, DC, February
1591.

National Energy Shrategy: Powenful Ideas for America, One
Year Later. Washington, DC, February 1992,

Office of Fossil Energy. Coal Combustion Waste
Management Study, DOE/FE/62017H1. Washington,
DiC, February 1993,

Technical Information Center. LS. Energy Deskbonk,
DOE/IR-051114-1. Oakridge, TN, June 19582.

"What is Coal?” PETC Review, Issue 10. Pittsburgh,
PA, Semmer 1994, pp. 22-28.

Argonne National Laboratory

Ajr Toyic Emdssions from the Combustion of Coal:
Kentifising and Cuantifying Hazardows Ajr Polkitants from
LS. Coals, ANL/EALS/TM-83. Argonne, IL, September
1997,

Energy Information Administration

“A Profile of New Ceal Mines in the 1980's.” Cea!
Production 1590, DOE/EEA-0118(50). Washington, DC,
Seplember 1991, pp. 1-12.

Annual  Energy  Quilsok 1933, DOE/ELA-(383(93}.
Washington, DC, Jannary 1993

Ensrgy Informailon Administrationf Coal Deta: A Refarance | Y=

T T iy e r T
LR L AT T e .

-




Anma! Energy Review 1993, DOBE/EIA-U3B4{93).
Washington, DC, July 1994,

Arnual Outipok for ULS. Coal 1991, DOE/EIA-0333(51).
Washington, DC, July 1991.

Annual  Prospecis  for World Ceal Teade 1997,
DOE/RIA-0363(91). Washington, DC, June 1991,

“Carben Diexide Bmission Bactors for Coal” Cruarferiy
Coal Report fanuary-Marck 1994, DOE/EIA-0121 (92/10).
Washington, DC, September 1994, pp. 1-8.

“Coal and the Railroads.” Coef Diskriturbion January-
Diecernber 1985, DOE/EIA-OE25(85/40Q). Washington,
DC, Aptil 1986, pp. 1-5.

"Coal Combustion: A Review of Ceal Combustion
Technelogy from Stokers to Fluidized Beds.” Coal
Distribution Januany-March 1987, DOE/BEIA-0125(87 /1Q).
Washington, DC, July 1987, pp. 2-7.

Coal Distrilrution Janary-December 1991, DOE/EIA-0125
(91740}, Washington, DC, April 1991 and prior issues.

Coal Industry Anmal 1993,
Washington, DC, December 1994,

DOE/ELA-0584{93).
Coal Productfor: 1992, DOR/ELA-0118(32). Washington,
O, October 1993 and prior issues,

Cost and Quality of Fuels for Electric Utility Plants 1993,
DOE/EIA-0191(93). Washingtan, DC, July 1994.

Eleciric  Power Annugl 1993,
Washington, DC, January 1694

DOE/ELA-348(90).

Emdssions of Greenhouse Gases in Hhe Unibed Staies 1957-
1952, DOE/ETA0573. Washingion, DC, October 1994
and prior issue.

Energy Policy Act Transporfation Rate Study, Availability
of Data and Studies, DOE/EIA-0571. Washington, DC,
October 1993,

*Federal and Indlan Coal Lands: A Growing Source of
Energy and Revenue.” ool Production 1992, DOE/ELA-
(M18(92). Washington, DC, October 1993, pp. 1-14.

Historical Moniily Energy Review 1973-1952, DXOE/EIA-
0035(73-92). Washingtom, DC, August 1994,

International Energy Anmnual 1992, DOE/EIA-0219(92).
Washingion, DC, January 1994,

Inpentory of Potwer Plmie in the Linited Sfles 1092,
DOE/EIA-0095(92). Waghington, DC, October 1993

*"Large TS Coal Mines” Coal Produchion 1986,
DOE/ELA-0118(86). Washington, DC, January 1988, pp.
4.9,

Monthly Emergy Review, DXOE/EIA-0035(94/06).
Waghington, DC, June 1994

Profiles of Foretgn Direct Invesiment in U.S. Energy 1092,
DOE/ELA-M66(92). Washington, DC, May 1994,

“Lignite: A Low Rank Coal Gains Status.” Cowl
Disiribution January-December 1986, DOE/EILA-
0125(4/ Q). Washington, DC, April 1987, pp. 3-7.

“Pennsyhrania Anthracite: An Overview of the "Hard
Coal” Industry.” Ceal Diskrituibion Januany-Seplember
1986, DOE/EIA-0125(86/3(0). Washington, DX,
Januay 1987, pp. 3-7.

Quarierly Coal  Report  Ovicber-December 1993,
DOE/EIA-012] (93/4Q). Washington, DC, May 1994
and prior issues.

Stafe Coal Profiles, DOE/ELA-0576. Washington, DC,
January 1964

Siate Evergy Date Report 1992: Comsumplion Estimies,
DOE/ELA-0214(92). Washington, DC, June 1994,

“The Appalachian Coal Basin: An Overview of Coal
Deposits and Production.” Coal Produckion 1987,
DOE/ELA-118(87). Washington, DC, December 1988,
Fp- 6.

The Changing Structire of the Electric Power Industry
1970-1991, DOE/EIA-0562. Washingtan, DC, March
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The Changing Structure of the LS. Coal Indusiry: An
Update, DOE /EIA-0512(93). Washington, DC, July 1593.

“The Interior Coal Region of the United Shates:
Overview and Sumwmary.” Coal Production 1988,
DOE/ELA-118{88). Washington, DC, November 1989,

Fp- 1-5.

*The Powder River Basin.® Coal Produckon 1985,
DOE /BIA-OT16{B5). Washinglon, DC, MNovember 1088,
Fp- 45

The U5, Coal Indusiry, 1870-1990: Two Decades of Change,
DOE/ELA-0552. Washington, DC, November 1992,
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Trends in Comiract Cool Transporigiion 1387-1987,
DOE/EIA-0548, Washington, DC, September 1991,

"Update on U.S. Coaibed Methane Production,” Natural
Gas Monihly October 1990, BOE/BIA-0130(90/10).
Washington, DT, December 194, pp. 1-15.

“US. Coal Production in the 1980's: An Qverview”
Conl Produrkion 1989, DOE/RIA-118(89). Washington,
DC. November 1990, pp. 1-10.

L5, Conl Reseroes: An Update by Heat and Sulfir Content,
DOE/ELA-0529(92). Washingten, DC, February 1993.

“118., Coalbed Methane Produchon,” Naboo! Gas
Monthly Jenuary 1992, DOE/EEA-0130(94/01).

Washington, DC, January 1994, pp. 1-11.

Weekly Conl Broducton, DOE/ELA-0218 {various issues).
Waghington, DC.

“Wyoming Coal: An Overview."” Caal Produchion 1991,

DUE,.-"BIA-IJHB{QI}. Washingten, DX, October 1992,
pp. 1-11.

The National Coal Council (A Federa! advigsory
committee to the Secretary of Energy.)

Clean Coal Techuology for Susiginable Deuelopment.
Arlington, VA, February 1994,

Inproving Coal's Image: A Natiena! Encrgy Sirslegpy
Imperative, Arlington, VA, January 1992,

Industrial e of Coal and Clean Cowl Technology.
Arlington, CA, June 1990,

The Export of 11.5. Coal and Coal Technologies. Axlingion,
WA, November 1993,

The Long-Range Role of Coal in the Future Energy Straltexy
of the United States. Arlington, VA, Jure 1990,

The Near Term Role for Coal in the Future Energy Strategy
of the Urdtzd States. Aslingtom, VA, January 1992

The Use of Coal in the Industrial, Commercial, Residentinl,

and Transportation Sectors. Arlington, VA, December
1928,

U.S. Department of the Army

LS. Army Corps of Engineers, Navigation Drata Center

Tive U.S. Waterway System—Facts, Alexandria, VA
January 1994,

U.S. Department of the Interior

Energy Resources on Federally Admtinistered Lands.
Washington, DC, 1981.

Bursau of Mines:

A Cost Comparisont of Selected Coal Mines Fram Auistralia,
Catnda, Colombia, South Africa, ond the Unifed States.
Special Publication. Washington, DiC, 1993.

A DicHonary of Mining, Mineral, and Relaied Terms.

Washington, DC, 1968.
Bureau of Mineg Research 93, Washington, DC, 1993,

Couses of Coul Miner Absenteeism. Information Clroular
9161. Pittsburgh, PA, 1987,

Characterization of the 1986 Ceal Mining Workforce.
Information Circular 9192, Minneapolis, MIN, 1983,

Coml  Carbopization in #e United Stales, 1900-62.
Information Cirenlar 8251. Washington, DC, 1965.

Demonstrated Reseroe Base of U.S, Coals with Polential for
Use in Manufacture of Metalhurgical Coal, Information
Circular 8805. Weashingten, DC, 1979,

Forms of Sulfur in U.S, Ceals. Information Circular 8301,
‘Washington, DC, 1966,

Historical Sumnury of Ceol-Mine Explosions tm the United
Siatez, 1810-1958. Bulletin 586. Washington, DC, 1960,

Huiman Factors Conbribubing to Groundfull Acvcidents in
Undergrotnd Mines: Workers' Views. Informatien
Circular D127, Piticburgh, PA, 1987,

Mine Health and Safety Research. Washington, DC, 1993,

Mineral Facte and ProBems. " snthracite™ and
*Bilnminous Coal and Lignite.” Washington, DC, 1360,
1965, 1970 and 1975.

Minerals Yeprbook, “Bituminons Ceal and Lignite,”
"Coke and Coal Chemicals,” and “Penrsylvania
Anthracite.” Washington, T, 1932-1976.
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Crerview of Mine Subsidence Insurance Progrums in the
United Siates. Information Ciccular 9362, Pittsburgh,
PA, 19495,

Production of Mineral Fuels and Hydropower in Hie United
States Since 1800 Information  Circular 8155
Washington, DC, 1963.

The History and Future of Longunll Mining in the United
Siztes, Information Circular 9316, Pittsburgh, PPA 1932,

The LS. Foundry Coke Indusiry. Information Circular
8759. Washington, DC, 1977.

Geological Survey:
Cogl Map of North America. Denver, OO, 1958

Coal Resowrces of the Uniled States, January 1, 1974,
Bulletin 1412. Washington, DC, 1975.

Minarals Managemant Service:

Mineral Revemues 1993: Report on Receipis from Federal
and Indian Leases and prior issues. Washington, DC.

.S, Department of Labor

Bureau of Labor Statistics. Employment, Hours, and
Earnings, United States, 1909-90, Volume I. Bulletin 2370
Washington, DX, March 1991.

Bursan of Labor Statistics. Employmaent, Hours, and
Earnings, United BShates, 1981-83.  Bulletin 2429,

Washington, DC, August 1993.

Bureau of Labor Statistics. Technofogical Change and Its
Impact on Labor in Four Industries. Chapter 1, Ceal
Mining. Bulletin 2402. Washington, DiZ, October 1992

Mine Safety and Health Administration.  Imjuy
Experigncg i Copl Mining 1993 and prior issues.
Denver, CO.

Mine Safety and Health Administration. Swmmery of
Selected Injury Experience snd Worktime for the Mining
irdustry in the United States, 1931-77. Infonmalion
Feport 1132. Denver, J0, 1984

U.S. Department of Transporiation

Maritime Administration

Office of Port and Intermodal Development. Exdsting
and Potenbial U.S. Conl Export Loading Terminals.
Washington, DXC, January 1992,

U.S. Environmental Protection Agency

Office of Air and Kadiatien. The Plain Engiish Guide to
the Clean Air Act: Air and Radiation (ANR-243), BPA 400-
K-93-001. Washington, IXC, April 1993.

Office of Air Quality Planning and Standards. MNational
Air Polluignt Entission Trends: 1900-1332, EPA-£54/ R-93-
032 Research Triangle Park, NC, October 1993

.S, Internatlonal Trade Commission

Metaliurgical Coke: Baseline Analysis of the LLS. Industry
and Imporis, Publication 2745, Washington, DC, March
1904,
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Sources of information on Coal

Many publications about coal and coal-related subjects
are sold by the Superintendent of Documents, 5.
Government Frinting Cffice, Washington, DC, Tele-
phone: (202) 783-3238. Reference copies of many of
these publications are available to the public in Federal
Depositery libraries located nationwide. A list of
depository libraries is available free upon request from:
Federal itory Library Program, Office of the
Public Printer, Washington, DC 2401

Energy Resparch Abstracks (ERA) provides abstracting
and indexing coverage of all scientific and technical
teports, journal arficles, conferemce papers and pro-
ceedings, books, patents, theses, and momographs
originated by the U.S. Depariment of Energy, its labora-
tories, energy center and contractors. ERA also covers
other energy informatien prepared i report form by
Federal and State government organizations, foreign
governments, and domestic and foreign universibies
and research organizations. ERA coverage of nonreport

U.S, Department OFf Enetgy

National Energy Information Center, EI-231
Porrestal Building

Washington, DC 20585
{202) 586-8800

Public Inquires

Office of Public Affairs
Porrestal Building
Washington, DXC 20585
(202) 586-5575

Office of Scientific and Technical formation
P.C.Box 62

Oak Ridge, TN 37831

{615) 576-1301

literature is limited to that generated by Department
of Energy activity. DOE and DOE contractors who
have OS5TI deposit account? can obtain ERA from the
COffice of Scientific and Technical Information, P.O. Box
62, Oak Ridge, TN 37821, AttenHon: Information
Services. For further information, call {615) 576-1155.
ERA is available to the public on a subseription basis
from the Superintendent of Documents, U.5. Govern-
ment Printing Office, Washington, DC, 20402,

Coal Absiracks provides comprehensive world-wide
coverage of backs, journals, report, disgertations, and
conference proceedings in e feld of coal sdence and
technology from the evaluation of depesits to Ehe
ultimate uses of coal as an epergy source and raw
material, including environmental effects. Co? Abshracls
ia published by the International Energy Agency {IEA),
Coal Research, Gemini House, 10-18 Putney Hill,
London SW15 6AA, United Kingdom.

Other Sources

American Boller Manufachurers Association
050 North Glebe Road, Suite 160

Arfington, VA 22203
(703) 522-7350

American Coal Ash Association, Inc.,
2760 Eisemhower Ave, Suit 304
Alexandria, VA 22314

(*03) 317-2400

American Coal Foundation
918 16t Street, W,
Washington, DC 20008
{202) 466-8630

American Coke & Coal Chemicals Institute

Morgantown Energy Techno Center 1225 23rd Streat, WLW.
P.G.g:l; 280 o8y Washington, DC 20037
Morgantown, WV 26507 (202) 452-1140
{304} 2854764
Burean of Land

Pittsburgh Energy Technology Center us. b t of the ntetior
P.0. Box 10940 18th & C Streets, NW.
Pittsburgh, PA 15236 Washington, TXC 20240
{412} 2%2-6029 {202) 208-3435
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Buresu of Mines

1.5, Department of the nterior
Pitsburgh Research Center
Cochran Miil Ed.

O, Box 15070

Pittsburgh, PA 15236

(412) 822-6602

Coal & Slurry Technology Association
1156 15th Street, N.W.

Washington, DC 20005

(202) 295-1133

Geological Survey

11.5. Diepartment of the Interior
The National Center

12201 Sunrise Valley Drive
Reston, VA 22092

(703) 643-1000

Mine Safety and Health Administmbion
U5, Department of Labor

40154 Wilseo Blwd

Arlington, VA 22203

(703) 235-1456

Minerals Information Office
L.5. Bepartmenst of the Interior
13th & C Streets, N.W.
Washington, DC 20240

{202} 208-5520

Minerals Management Service
L1.5. Department of the Interior
15th & C Streets, N.W.
Washington, DC 2024)

(202} 208-3983

MNaticnal Coal Association
1130 175h Street, N.W.
Washington, DC 20036
(202) 463-2625

Naticnal Technical Infarmation Service
U.S. Dapartment of Commerce
5285 Port Roval Rd.

Springfield, VA 22161
(703) 457-4650; (800} 563-NTIS

Office of Surface Mining

1.5, Depariment of the Interior
1951 Constitution Ave, NW
Washington, DC 20240

(202) 208-2553

U.5. Envirorunental Protection Agency
401 M Street SW.

Washington, DC 20460

{202} 260-2080 or 7751

In coal-producing States: State Mine Agencies and
Geological Surveys.
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